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The interaction of diazomalonic esters with olefins in the 
presence of homogeneous copper(I) and copper(II) catalyst has been 
examined as a function of olefin structure, solvent media, ionic 
strength, catalyst structure and catalyst concentration, using 
partial rate data. 
It has been possible to determine the fine mechanistic details 
of the cycloproponation, C-H insertion and 11 dimer 11 forming reactions. 
The initial step is displacement of a ligand from copper by diazo 
compound in a pre-equilibrium, loss of nitrogen in the rate determining 
step, return of the ligand, displacement of metal :from the carbenoid 
by olefin, followed by collapse to products. 
Studies revealed the intimate involvement of catalyst with olefin 
as well as carbene. 
A portion of the work has been published in: 
l. Reprints, Division of Petroleum Chemistry, Amer. Chem. Soc., 
1§, {1), B81 (1911). 
2. Chem. Commun., 1179, 0000 (1971). 
3. Tetrahedron Lett., 3799 (1971). 
4. Synthesis, 0000 (1971). 
5. Synthesis, 0000 (1971). 
The corpus consists of several reviews (two to be published) and 
nearly all experimental details and data. 
THESIS PUBLICATION OPTION 
Chapter I of this work has been prepared in the style utilized 
by Synthesis, and Chapter II in the style used by Angewandte Chemie, 
International Edition in English. These chapters will be submitted 
for publication. Chapter V has been prepared in the style utilized 
by the Journal of Organic Chemistry to which parts of Chapter V 
will be submitted for publication. 
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INTRODUCTION AND STATEMENT OF PROBLEM 
The past decade has seen considerable research activity concerning 
the generation, reactions and properties of carbenes. Most often, these 
studies have been concerned with the theoretical aspects of carbene 
chemistry, while little effort has been directed toward the use of car-
bene reactions in complex synthetic schemes. The use of the Simmons-
smith reaction in angular methylation (Chapter III) is a notable ex-
ception to this general trend. 
The original concept of this work represents, to our knowledge, the 
first study directed at the development of alicyclic synthesis employing 
functionalized carbenes in a critical step of a reaction sequence. The 
final synthetic goal was the development of a stereospecific synthesis 
of trans fused and angularly substituted ring systems suitable for con-
version to terpenes, terpenoids, and other natural products. 
The general scheme involves the addition of difunctionalized car-
benes (dimethoXYcarbonylcarbene) to cyclohexene and substituted cyclo-
hexenes (Figure 1). The resulting norcaranes were expected to undergo 
+ 
Figure 1 
r'l._l / COOMe 
~COOMe 
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trans ring opening under conditions of the Michael reaction. The ring 
opened products, in turn, would undergo a variety of reactions leading 















approach lie~ in the early introduction of the angular substituent. 
The choice of dirnethoxycarbonyl carbene as the carbenoid reagent 
was made on the basis of several considerations. First, the carbene is 
symmetrical and would not lead to stereoisomeric adducts. Secondly, 
the symmetry of the carbene would lead to adducts with simplified 
n. m. r. patterns. Thirdly, the methoxycarbonyl groups were expected 
to provide the activation of the cyclopropane ring necessary for the 
Michael reaction. Finally, the methoxycarbonyl groups would provide 
the necessary fUnctionality for the subsequent reaction steps. 
Early in this work, it became apparent that the norcaranes would 
3 
be needed in large quanities and, consequently, the best possible syn-
thesis of these materials was desirable. With this in mind, we initiated 
a study of the effect of various copper catalysts upon the reaction of 
dimethyl diazomalonate with cyclohexene and substituted cyclohexenes. 
At about the same time, Moser introduced trialkylphosphite copper(I) 
halides as catalysts for the decomposition of ethyl diazoacetate. His 
results led us to study the effect of these catalysts upon the reactions 
of diazomalonic esters. 
During the early stages of the catalysts studies, it became apparent 
that, although copper and its salts have been used to catalyze the 
decomposition of diazo compounds for the greater part of a century, 
almost nothing is known of the mechanism by which these processes pro-
ceed. The soluble phosphite-copper complexes presented us with one of 
the first opportunities to study this mechanism under conditions free 
of surface effects and other problems normally associated with heter-
geneous systems. 
Thus, in the spring of 1969, we were faced with the task of 
choosing between continued base catalyzed studies or a study o£ the 
catalyzed decomposition o£ diazomalonic esters. While the initial 
work on the Michael reactions had shown some interesting results, the 
results with respect to the orginal project were less than promising. 
On the other hand, the potential of the catalyst studies appeared to 
4 
be unlimited. As stated earlier, mechanistic studies o£ copper cat-
alyzed diazo decompositions are almost non-existant. In addition, the 
literature contains no systematic study o£ the behavior of diazo-
malonates toward cycloolefins. We also £elt that, considering the 
present activity in the area o£ carbene chemistry, the catalyst studies 
offered the greatest potential impact upon the scienti£ic community, 
and also showed greater promise o£ a positive thesis. These con-
siderations led us to study the mechanism of copper catalyzed diazo 
decompositions as the major part of the project and to give the Michael 
reactions secondary considerations. 
5 
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Preparation and Reactions of Diazomalonic Esters 
Preparation and Reactions of Diazomalonic Esters 
B. W. Peace and D. S. Wulfman 
Department of Chemistry, University of Missouri-Rolla 
Rolla, Missouri 65401, U. S. A. 
Diazomalonic esters offer ready access to some classes of geminally 
disubstituted cyclopropanes, endo substituted bicyclo[n.l.O] systems 
and selectively cyclopropanated polyolefins as well as some classes of 
olefins bearing ether, sulfide and halogen substituents. The current 
scope and limitations of syntheses involving these systems are illus-
trated. 
Introduction 
Very little information has appeared relative to the synthetic 
utility of diazomalonic esters. This has been a consequence of the 
relative difficulty and expense of their preparation and the ease of 
preparing diazoacetic esters which frequently offers alternate routes 
to similar systems. However, two useful features of diazomalonates 
permit syntheses which might prove difficult or impracticable with 
diazoacetic esters. These are the preparation of the bicyclic endo 
cyclopropane carboxylates and the very selective cyclopropanation of 
carbon-carbon double bonds of slightly differing reactivities. An 
additional benefit resulting from the study of diazomalonates has been 
the gaining of considerable insight into the features of metal and 
metal salt decompositions of diazo compounds and the demonstration of 
the synthetic advantages to be realized from the employment of soluble 
catalyst systems. 
1. Preparation of Diazomalonic Esters 
1 The most recent volume of Organic Reactions lists hundreds of 
reactions involving diazoacetic esters. Far less attention has been 
paid to the chemistry of diazo~lonates. This is mainly due to the 
6 
7 
fact that, until recently, these diazo compounds were available only in 
an impure state from difficult and low yield reactions. 
The first preparation of diethyl diazomalonate was carried out by 
diazotization of diethyl aminomalonate. 2 Treatment of ethyl diazo-
3 acetate with phosgene, followed by addition of ethanol, also gives 
the desired product. Both these procedures give highly contaminated 
. 1 4 mater1a • Ciganek5 developed a process by which diazomalonic esters 
can be prepared in good yield and in high purity. This process involved 
formation of diethyl mesoxalate hydrazone from the corresponding mesox-
alate followed by oxidation with silver oxide. The presently accepted 
procedure involves diazo transfer from p-toluenesulfonyl azide (tosyl 
azide=TosN3) to malonic esters under the influence of a base, usually 
6 7 
an amine (Scheme A). ' Most procedures call for the use of methylene 
+ amine ) N C (COOR) 2 2 + 
Scheme A 
chloride or acetonitrile as solvent. 8 Ando et al. used diethyl ether 
as solvent and diethylamine as base to prepare dimethyl diazomalonate 
in 50% yield from dimethyl malonate. A modified procedure developed 
in this laboratory, 9 using benzene and triethylamine, effects this 
transfer in over 90% yield. Di-t-butyl diazomalonate has been prepared 
in exactly the same way; this reaction is much slower, giving 50% trans-
fer after four weeks. Surprisingly, longer reaction times failed to 
give significantly increased yields. Unlike diazoacetates, these 
malonates can be obtained in almost 100% purity by careful distillation. 
2. Reaction with Saturated C-H Bonds 
Doering and Knox4 have shown that replacement of methylene hydrogens 
by alkoxycarbonyl groups results in carbenes of greater stability. 
Unlike methylene, such stabilized carbenes have lifetimes sufficiently 
long, to show marked discrimination in the type of C-H bond with which 
they will react. The carbene series CH2 , CHCOOCH3 , C(COOC2H5) 2 
(generated by photolysis of the corresponding diazo compounds) insert 
8 
into C-H bonds with increasing selectivity. The discrimination follows 
0 0 0 the order 3 >2 >1 • The results obtained by Doering and Knox are shown 
in Table 1. 
Table 1. Relative Reactivities of C-H Bonds toward Carbenes 
Hydrocarbon Ratio CH2 CHCOOMe C(COOEt) 2 
[ (CH3 ) 2-CH- ]2 30/10 1.2 2.9 12.5 
(CH3 ) 3CH 30/10 3.1 21.0 
[CH3CH2-J2 20/10 1.0 2.3 8.4 
10 Jones et al. have presented evidence showing that triplet di-
methoxycarbonyl carbene is slightly more selective than the corre-
sponding singlet carbene (Table 2). These calculations are based on 
Table 2. Reactivities of Singlet and Triplet Dimethoxycarbonyl Carbene 
Hydrocarbon Ratio Singlet Triplet 
2,3-dimethylbutane 30/10 13.1(12.5) * 20 
n-pentane 20/10 3.4 5.1 
n-butane '20 /10 4.7(8.4) * 6.6 
* fra. Doering and Knox. 4 Resul.ts 
9 
the assumption that direct photolysis of the diazomalonic ester gives 
rise to the singlet species, while the benzophenone-photosensitized 
decomposition yields the triplet. Support for this contention comes 
from the fact that the photosensitized reaction also gives dimethyl 
malonate and 1,1,2,2-tetramethoxycarbonylethane in addition to insertion 
products. 
3. Reactions with Olefins 
Several studies have shown that, while dialkoxycarbonyl carbene acts 
as an electrophile, it is much more subject to steric factors than 
other carbenes. In the photolysis of dimethyl diazomalonate in olefins, 
the cis isomer always gives higher yields of cyclopropyl adduct that 
11 the trans isomer. Vinylic substituents increase the rate of reac-
tion during photolysis, but there is some question as to the magnitude 
of the effect. Table 3 compares the results obtained by two different 
. 12 13 investigators, Karust~s and Neale • Neale admitted he was unable 
to obtain reproducible results from day to day. Also, the data pre-
sented by Karustis appears to be more consistent with the data of 
Jones and coworkers. 11 Thus, Neale's results appear to be in error. 
Our results show that for a particular olefin the cis isomer reacts 
faster and cleaner than the trans isomer. 
The effect of vinyl methyl groups on the course of the reaction of 
dimethyl diazomalonate with olefins is nicely shown in the cyclohexenyl 
system. In his synthesis of 7,7-disubstituted cycloheptatrienes, 
Berson studied the photochemical addition of dimethyl diazomalonate to 
14 
cyclohexadienes. Irradiation of the diazo compound in 1-methyl-1,4-
cyclohexadiene gave (3) as the major product and (4) as the minor 
product. Little or no compound (4) was formed in the copper catalyzed 
10 




























addition. Photolysis and catalyzed decomposition of dimethyl diazo-
malonate give far greater yield of cyclopropyl adduct with cyclohexene 
than with 1-methylcyclohexene. The carbene does not add to the double 
16 bond of 1,2-dimethylcyclohexene. 
The stereochemical consequences of the photolysis of diazomalonic 
13 12 
esters in olefins have been studied by Neale , Karustis and 
J 10,11 ones. Neale reported such reactions to be 100% stereospecific; 
Karustis reported irradiation in cis-2-butene to be 88% stereospecific, 
addition to the trans isomer being 97% stereospecific. The cyclopropyl 
products were accompanied by S-6% insertion products. Jones found that 
11 
benzophenone photosensitized decompositions (conditions which favor 
triplet carbene) give very similar mixtures of cyclopropanes using 
either the cis or the trans olefin (Scheme B, Table 4). 
(5) 
(7) 
(2) + or > 
Scheme B (8) 
Table 4. Photolysis of Dimethyl Diazomalonate in 4~ethyl-2-penteneslO,ll 
Conditions (7) (8) Yield 
Cis olefin 92 8 39.8 
Trans olefin 10 90 24.3 
Cis olefin + benzophenone 10 90 43.0 
Trans olefin + benzophenone 14 86 
12 
Singlet dimethoxycarbonyl carbene appears to be less sensitive to 
steric factors than the corresponding triplet species. Table 5 compares 
the relative rates of addition of the two carbenes to various olefine. 
The high rates observed in the addition of the triplet carbene to 
butadienes is thought to be due to resonance stabilization of the di-
radical. 
Table 5. Relative Rates of Addition of Singlet and Triplet Dimethoxy-
carbonyl Carbene 12 
Olefin Singlet Triplet 
2,3-Dimethyl-2-butene 0.88 0.33 
2-Methyl-2-butene 1.00 1.00 
1-Pentene 0.47 0.46 
3,3-Dimethyl-1-butene 0.48 0.48 
Cis-4-methyl-2-pentene 0.55 0.15 
Trans-4-methyl-2-pentene 0.23 0.13 
2,3-Dimethyl-1,3-butadiene 1.30 4.40 
1,3-Butadiene 4.50 
4. Copper and Copper Salt Catalysis 
Relatively few copper catalyzed additions of diazomalonic esters 
to olefine appear in the literature. Neale13 was unable to isolate 
any products under such conditions. 17 Carman treated cyclohexene with 
dimethyl diazomalonate in the presence of copper sulfate and isolated 
7,7-dimethoxycarbonylnorcarane in 40% yield along with considerable 
amounts of tetramethoxycarbonylethylene(carbene Dimer). Carman failed 
to isolate any products other than the above carbene dimer and 1,1,2,2-
tetramethoxycarbonylethane from attempted additions to 
1-methylcyclohexene and 1,2-dimethylcyclohexene. We have found that 
copper catalyzed addition of dimethyl and di-t-butyl diazomalonates 
results in cyclopropyl formation with both cyclohexene and 1-methyl-
cyclohexene. The cyclopropanes are accompanied by the formation of 
allylic insertion products. 16 (Scheme C). 
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X = COOCH3 
Scheme C 
14 
Insertion products account for more than 50% of the products in the 
cases involving 1-methylcyclohexene. Under the same conditions, 1,2-
dimethylcyclohexene reacts exclusively by allylic C-H insertion giving 
no cyclopropane• The substituted cyclohexenes yield rearranged inser-
tion products (17,20), indicating a diradical, an ionic, and a 5-
centered process as possible mechanism. It is of special note that 
with cyclohexene, 1-methylcyclohexene and 1,2-dimethylcyclohexene, no 
nonallylic or exo-cyclic insertion is observed. 
We found that the choice of catalyst and reaction conditions can 
dramatically alter yields of the various products available (Table 6). 
Table 6. Effect of Catalyst on the Reaction of Dimethyl Diazomalonate 
with Cyclohexene 
Catalyst (10) (11) (12) 
Cu 38.0 1.71 8.05 
CuCl 42.8 2.18 8.38 
Cuso4 45.3 2.08 9.07 
(CH3o) 3P·CuCl 63.7 4.67 18.4 
Cu(AcAc) 2 78.1 12.4 5.92 
In particular it is advisable to determine the optimum catalyst concen-
tration and temperature when soluble catalysts are employed. Our re-
sults indicate that copper(II) acetylacetonate is the catalyst of 
choice (Table 7). This may not be universally true and the use of 
copper(I) iodide-trimethyl phosphite in hexafluorobenzene (Tables 
Tables 7, 8, 9 and 10 
Table 7. Product Distribution and Yields as a Function of Cu(AcAc) 2 Concentration in the Reaction of 
Dimethyl Diazomalonate with Cyclohexene 
Catalyst (10) (12) (11) 
(u.>le) 
0.0042 6.55(1.00) 0.87(0.134) 0.87(0.134) 
0.0085 6 .86(1.00) 0.62(0.090) 0.86(0.125) 
0.0170 51.48(1.00) 7.18(0.139) 4.63(0.090) 
0.0350 40. 76(1.00) 3.10(0.076) 5.58(0.137) 
0.0700 71.47 (1.00) 7.93(0.111) 6 .19(0 .087) 
0.1400 78.08 (1.00) 12.39(0.158) 5.92(0.076) 
0.2800 69.24 (1.00) 19.57(0.283) 6.44(0.093) 
0.5600 55 .43(1.00) 34.44(0.621) 5.00(0.090) 
1.120 48 .65(1.00) 20.93(0.430) 7.52(0.154) 
2.240 42.04(1.00) 6.87(0.163) 4.76(0.113) 
4.480 22.48 (1.00) 2.82(0.125) 6.37(0.284) 
~ 
Table 8. Product Distribution and Yields in the Reaction of Dimethyl Diazomalonate with 1-Methylcyclohexene 
using (CH3o) 3P·CuCl as Catalyst at 110°C 
Catalyst (14) (15) (16) (17) (12) (mmole) 
0.0042 21.53 (1. 00) 1.51(0.070) 7.78(0.361) 19.54(0.904) 4.03(0.187) 
0.0085 23.07 (1.00) 1.68(0 .073) 8. 72(0.378) 20.12(0.874) 3.84(0.166) 
0.0170 22.34 (1.00) 1.63(0.073) 8.45(0.378) 19.59(0.877) 2.48(0.111) 
0.0350 21. 80 (1. 00) 1. 68 (0. 077) 8.05(0.369) 18.91(0.868) 3.56(0.163) 
0.0700 23. 21(1.00) 1.80(0 .077) 8.38(0.361) 20.39(0.878) 3.69(0.159) 
0.1400 20.39 (1. 00) 1.45(0.071) 7.11(0.349) 16.90(0.830) 4.78(0.234) 
0.2800 20.12 (1. 00) 1. 54 (0. 077) 7.98(0.396) 19.45(0.965) 3.84(0.191) 
0.5600 19.38(1.00) 1.49(0.077) 7.44(0.384) 18.71(0.966) 5.08(0.262) 
1.120 18.51 (1. 00) 1.01(0.055) 7.63(0.358) 14.89 (0 .805) 7. 77 (0 .420) 
2.240 8. 72(1.00) 0.40(0.046) 3.76(0.431) 9.05(1.04) 22.67(2.60) 
4.480 6.77(1.00) 0.00 2.07(0.307) 4.81(0.715) 19.32(2.87) 
1-' 
0\ 
Table 9. Product Distribution and Yields as a Function of (CH30)3P•CuCl Concentration in the Reaction 
Dimethyl Diazomalonate with 1-Methylcyclohexene at 85°C 
Catalyst (14) (15) (16) (17) (12) 
(mmole) 
0.0042 8.65 (1.00) 0.62(0.072) 1. 46 (0 .169) 1. 05 (0 .122) 2.70(0.312) 
0.0085 7 .24(1.00) 0.63(0.087) 0.79(0.109) 1.26(0.174) 2.32(0.320) 
0.0170 4.39(1.00) 1. 01 (0. 230) 1.47(0.334) 1.01(0.230) 4. 76(1.08) 
0.0350 9.99(1.00) 0.58 (0.057) 2.89(0.290) 6.98(0.693) 3.20(0.320) 
0.0700 6.20(1.00) 0.17(0.027) 1.11(0.179) 2.85(0.458) 1. 24 (0. 200) 
0.1400 9.59(1.00) 0.00 2.52(0.262) 9.86(1.03) 1. 55 (0 .162) 
0.2800 18.04(1.00) 1. 03 (O. 057) 5.16(0.286) 19. 72(1.09) 8.56(0.474) 
0.5600 9. 32 (1. 00) 0.49(0.052) 2.11(0.224) 9.46(1.01) 2.29(0.246) 
1.120 10.66 (1. 00) 1.56(0.146) 2.56(0.240) 14.76(1.38) 15.24 (1. 43) 
2.240 6. 71(1.00) 0.00 2.58(0.385) 8.25(1.23) 22.17(3.30) 
4.480 4.40(1.00) 0.00 1.53(0.348) 3.26(0.740) 25.52(5.80) 
f-l 
-.J 
Table 10. Product Distribution and Yields in the Reaction of Dimethyl Diazomalonate with 1-Methylcyclohexene 
Using (cH3o) 3P•CuCl as Catalyst in Refluxing Hexafluorobenzene 
Catalyst (14) (15) (16) (17) (12) 
(mmole) 
0.0042 12. 74(1.00) 0.21(0.017) 0.94(0.074) 6.14(0.480) 6.09(0.478) 
0.0085 13.08 (1. 00) 0.23(0.017) 0.98(0.075) 6.77(0.518) 6.40(0.489) 
0.0170 11.74(1.00) 0.34(0.029) 1.01(0.086) 3.35(0.286) 3.10(0.264) 
0.0350 24.62(1.00) 1. 08 (0 .044) 1.62(0.066) 27 .84(1.13) 7.99(0.324) 
0.0700 11.34 (1. 00) 0.45(0.039) 1.56(0.137) 6.20(0.546) 3.91(0.345) 
0.140 10. 73(1.00) 0.91(0.084) 2.45(0.228) 5.59(0.521) 4.39(0.409) 
0.280 23.34 (1. 00) 0.75(0.032) 1.50(0.064) 26.16 (1.12) 13.87(0.594) 
0.560 18.58(1.00) 0.84(0.043) 1.56(0.084) 21.53 (1.16) 24. 28 (1. 31) 
1.120 13.41(1.00) 0.53(0.039) 0.83(0.061) 14.49 (1. 08) 39.14(2.92) 
2.240 10.06 (1. 00) 0.56(0.055) 1. 79(0.178) 12.27 (1. 22) 44.47(4.42) 




8, 9, 10) gives similar results. Our results with this system indicate 
the precautions employed by Moser18 and emphasized by Dave and Warnhoff1 
are not necessary. When optimization studies were performed using 
cyclohexene which had or had not been filtered through alumina to 
remove the last traces of peroxides, we found the absence of peroxide 
impurities had a deleterious effect (Table 11). We therefore developed 
Table 11. Effect of Peroxide upon the Reaction of Cyclohexene with 
Dimethyl Diazomalonate 
Catalyst Conditions (10) (12) (11) 
(CH3o) 3P·Cui A 74.23 (1.00) 12.88 (0.174) 7.42 (0 .101) 
(CH3o) 3P•Cui B 19.38 (1.00) 2.02 (0.104) 1. 79 (0. 092) 
(CH3o) 3P·Cui c 72.02 (1.00) 11.35 (0.157) 5.28 (0.074) 
(CH3o) 3P·Cui D 67.78 (1.00) 12.09 (0.178) 6.27 (0. 093) 
(CH3o) 3P·CuBr A 68.64 (1.00) 15.11 (0.220) 6.68 (0.097) 
(CH3o) 3P·CuBr B 21.96 (1.00) 1.88 (0.086) 2.08 (0.094) 
(CH3o) 3P·CuBr c 69.76 (1.00) 14.24 (0.204) 5.54 (0 .080) 
(CH3o) 3P·CuBr D 67.35 (1.00) 11.77 (0.175) 5.46 (0.081) 
None c 9.44 (1.00) 1.83 (0.194) 0.00 
A. Untreated, commercial cyclohexene 
B. Commercial cyclohexene filtered through alumina 
C. Condition B, then benzoyl peroxide added 
D. Condition B, then Vazo@added (@DuPont's azo-bis~isobutyronitrile) 
procedures to insure the presence of materials which might be derived 




A solution of trimethylphosphite copper(!) iodide (45 mg, 0.14 mmol) 
and benzoyl peroxide (17 mg, 0.07 mmol) in cycloheptene (25 ml) is 
heated at reflux while a solution of dimethyl diazomalonate (3.16 g, 
0.02 mol) in cycloheptene (25 ml) is added at the rate of 6 drops per 
minute. After 24 hr at reflux, the excess olefin is removed by distil-
lation and the resulting solid recrystallized from methanol; yield: 
4.29 g (80%); m. p. 61-62°. 
We also surveyed the general utility of dimethyl diazomalonate as 
a source of bicyclo (n,l,O) systems having geminal substituents in the 
cyclopropane ring (Table 12). 9 It is seen from the data in Table 12, 
Table 12 
that very clean reactions can be realized with cycloalkenes having no 
additional substituents on the olefinic carbon and with dienes other 
than the cyclohexadienes. Higher boiling olefins behave in a cleaner 
fashion than their related lower moelcular weight analogs. 
Our investigation with solvents (Table 13) and Ando's20- 25 studies 
Table 13. Solvent Effects in the Reaction of Dimethyl Diazomalonate 
with Cyclohexene using (CH3o) 3P·CuCl (0.14 mMOle) as Catalyst 
Solvent (90%) (10) (12) (11) 
Cyclohexene 63.92 (1.00) 13.25 (0. 207) 4.69 (0.074) 
Cyclohexane 31.23 (1. 00) 52.52 (1.681) 3.90 (0.125) 
Benzene 57.91 (1.00) 39.64 (0.684) 3.34 (0.058) 
Hexafluorobenzene 81.00 (1.00) 15.86 (0.196) 4.24 (0.052) 
Carbon tetrachloride 28.31 (1.00) 5.71 (0.202) 31.66 (1.13) 
Dimethoxyethane 0.00 0.00 o.oo 
Table 12. Cyclopropanes from the Reaction of Dimethyl Diazomalonate 
with Olefins using Trimethylphosphite Copper(I) Iodidea as 
Catalyst 
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% Yield m.p. b.p./0.01 mm.. 
Cyclohexene 73 88.5-89 
1-Methylcyclohexene 29 53-55 
3-Methylcyclohexene 76 72-75 
3,5,5-Trimethylcyclohexene 80 83-85 
1,3-Cyclohexadiene b 24 40-42 
1,4-Cyclohexadiene b 8 66-67 
Cycloheptene 80 61-62 
Cyclooctene 80 68-69 
1,3-Cyclooctadiene 80 59-60 
a) Commercial samples of these olefins contain sufficient peroxides 
that addition of benzoyl peroxide is not necessary 
b) No effort was made to find the optimum catalyst concentration with 
the cyclohexadienes. 
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of allylic halides and sulfides suggest that conventional blocking 
groups employed to protect carbonyl and alcohol functions will not be 
compatible with dimethoxycarbonyl carbene or carbenoids. However, the 
great selectivity exhibited toward olefins of differing substitution 
patterns (Table 14) indicate that this feature might prove to be of 
synthetic utility and permit subsequent introduction of "forbidden" 
substituents. 













McGiboney's studies of 1,4-dihydrobenzenes,19 like those of Musso26 
and Berson14 , 15 indicate almost exclusive addition to the least substi-
tuted carbon-carbon double bond. 
For olefins which are not liquids or are in short supply, the use 
of the co-solvent hexafluorobenzene is useful and tends to lead to 
slightly higher yields. The use of benzene as co-solvent is of lesser 
utility and a very real possibility exists that complex side reactions 
will compete in solutions of poly-substituted benzenes (vide infra). 
Hexafluorobenzene appears to be completely inert to the carbenoid. 
The use of 7,7-dialkoxycarbonyl norcaranes and norcarene has been 
shown to offer a superior approach to the 7-endo-norcarane and carene 
carboxylate systems. A very convenient scheme to perform these inter-
conversions has been developed. These procedures offer potential for 
27 the facile generation of other bicyclo[n.l.o] endo systems. 
7~exo~t~Butoxtcarbortyl-endo~xethoxycarbortylnorcarane: 
A solution of 7~7-dimethoxycarbonylnorcarane (21.2 g, 0.10 mol) and 
potassium t-butoxide (11.2 g, 0.1 mol) in dry t-butyl alcohol (400 ml) 
is warmed to 40° under nitrogen. After 12 hr the solvent is removed 
using a Buchi rotovaporator with a calcium chloride drying tube in the 
aspirator line and replaced with fresh t-butyl alcohol. To this solu-
tion is added 15 g of 4A molecular sieves and the mixture allowed to 
stand, without stirring, for an additional 24 hr. The mixture is 
filtered, 200 ml of water added and the solution neutralized with 
23 
dilute hydrochloric acid. After removal of the t-butyl alcohol, the 
organic layer is separated and the aqueous layer extracted three times 
with ether. The combined organics are washed with water, saturated 
sodium chloride and dried over anhydrous sodium sulfate. After removal 
of the ether, the oil is distilled to give the mixed ester at 76-78°/0.01 
mm; yield 24.6 ~ (97%). 
7-e~o-Carbox¥-7-endo-metho!Zcarbonylnorcarane: 
A solution of the above mixed ester (2.54 g, 0.01 mole) and anhydrous 
p-toluenesulfonic acid (5 mg) in dry toluene (15 ml) is heated at reflux 
until gas (isobutylene) evolution stops, about 3 hr. The solution is 
cooled and then concentrated to about 5 ml. On cooling, crystals of 
7-e~o-carboxy-7-endo-methoxycarbonylnorcarane are obtained; m.p. 112-
1140; yield: 1.90 g (97%). The m.p. is not improved by recrystalliza-
tion. 
28 7,7-Norcaranedicarboxylate: 
A solution of 7,7-d~ethoxycarbonylnorcarane (5.3 g, 0.025 mol) and 
potassium cyanide (3.25 g, 0.05 mol) in dry dimethylformamide (75 ml) 
is heated at reflux for 12 hr by which time a solid forms. The solvent 
is removed under vacuum, the solid suspended in ether, filtered and 
washed several times with ether. The white solid is taken up in water 
(25 ml) and neutralized (hood) with dilute hydrochloric acid. The 
aqueous solution is extrcted three times with chloroform. The combined 
chloroform solutions are concentrated to give 7,7-riorcaranedicarboxylate, 
which after three recrystallizations from chloroform, melts at 186-188°; 
yield: 3.00 g (65%). 
The addition of dimethyl diazomalonate to substituted cyclohex-
adienes was mentioned earlier. 29 Mendel'shtam and coworkers used 
copper stearate to catalyze the reaction of diethyl diazomalonate with 
1,3-cyclohe~adiene. These workers claim to have obtained a 76% yield of 
26 the norcarene. Musso and Biethan obtained yields of 30-50% using 
copper and copper(!) chloride in the addition of 1,4-cyclohexadiene. 
Allylic insertion products were not reported for any of these reactions. 
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Musso and Biethan did report the isolation of up to 20% malonic ester 
and a comparable amount of benzene (Scheme D). This agrees well with 
• 0 + HCX2 / ~ 
0 + (2) H2cx2 + © / ~ + ] (21) 0 + HCX2 
X = COOCH3 
Scheme D 
our insertion date. 16 Such results are a further indication of a di-
radical or ionic process. McGiboney has made similar observations in 
our laboratories.19 
5. Reactions with Benzene 
In sharp contrast to diazoacetic esters, diazomalonic esters do 
not normally react with aromatic compounds. 5 Ciganek carried out 
thermal, photochemical and cuprous bromide catalyzed decompositions 
of dimethyl diazomalonate in benzene. The reactions gave complex 
mi~tures, the major product being the carbene dimer. 12 Karustis 
isolated small amounts of dimethyl phenylmalonate from a similar 
photolysis but was unable to find any evidence of norcaradienes or 
tropilidienes among the reaction products.-
30 Ledon and coworkers have reported an intramolecular addition of 
a diazomalonate to an aromatic system. Thermal decomposition of the 
25 








R = H, OCH3 R', R' ' = H, CH3 
these observations, we were able to add dimethyl diazomalonate to 
1,2,3,4-tetramethylbenzene using trimethylphosphite copper(!) iodide. 
The major product, (30%) is dimethyl 2,3,4,5-tetramethylphenylmalonate 
which, on the basis of bond energy considerations, can best be rational-
ized as resulting from rearrangement of a norcaradiene. In addition, 
ten other components were formed in lesser amounts and are currently 
being characterized. 
6. Reactions with E~hers and Alkyl Sulfides 
Dimethyl ether reacts with dimethyl diazomalonate to give formal 
C-0 insertion (25). It is generally accepted that direct insertion 
does not occur but that the reaction proceeds via the unstable oxygen 
ylid (24) (Scheme E). 10 This contention finds support in the work of 
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reaction of diazomalonate ester and aliphatic sulfides. 21 • 22 The sul-
fonium ylids subsequently rearrange thermally to give products analogous 
to those obtained from reaction of the carbene with ethers (27). 21 • 22 
Competition studies showed the carbene to react with sulfides four times 
faster than with cyclohexene. Benzophenone sensitized photodecomposition 
of the diazo compound failed to generate the ylid, thus indicating 
27 
that only singlet carbene is capable of undergoing the ylid forming 
reaction. 
7. Reactions with Amines 
Dimethoxycarbonyl carbene reacts with amines to give insertion 
21 products (29). The reaction is thought to proceed through a nitrogen 
ylid (28) (Scheme G) similar to the oxygen and sulfur ylids. 




8. Reactions with Sulfoxides 
Stable sulfoxonium ylids (30) result from the reaction of dimethyl-
sulfoxide with a variety of diazo compounds, including dimethyl and 
31 diethyl diazomalonate. Ando and coworkers20 obtained similar results 
under photolytic and copper catalyzed thermal conditions with several 
alkyl and aryl sulfoxides. 
0 R' 
R '-t-R'' hv or 
Cu 




9. Reaction with Thioketortes 
Kaufman and Weininger32 reported that irradiation of equimolar 
amounts of diethyl diazomalonate and thiobenzophenone gave Y-butyro-
lactone as the major product. Although the exact mechanism is not 
known, the possible intermediacy of a sulfur ylid was suggested. 
10. Reactions with Allyl Sulfides and Halides 
Ando and coworkers8 • 23- 25 have made an extensive investigation 
into the reaction of dimethyl diazomalonate with allyl halides and 
sulfides. These reactions give cyclopropyl products along with e-el and 
e-S insertion products. The insertion is not direct, but proceeds through 
a halonium or sulfonium ylid (Scheme H). The authors presented com-
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dilution date (Table 15) that, like addition to alkyl sulfides and 
ethers, only the singlet carbene can undergo the insertion reaction. 
Table 15. The Effects of Solvents on the Photochemical Decomposition 
of Dimethyl Diazomalonate in Allyl Chloride 
29 
Solvent Concentration a) 33/31 Overall 
% yield % 
None 0 2.35 76 
None + Ph2C=O 0 0.056 93 
C6Hl2 10 3.39 64 
C6Hl2 50 2.52 26 
C6Hl2 90 1.95 5 
CH2c1 2 10 2.38 60 
CH2c12 50 2.20 35 
CH2c12 90 1.17 10 
CH2Br 2 10 2.19 36 
CH2Br2 50 1.60 14 
CH2Br2 90 0.06 4 
CH2I 2 10 1.94 27 
a) Mole per cent of solvents 
Our own investigations were supported with university monies and in 
part by NSF Grants GP-3768 and GY-3514. 
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Decomposition of Diazo Compounds by Soluble Metal Complexes 
Decomposition of Diazo Compounds by Soluble Metal Complexes 
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Abstract: Evidence is presented demonstrating the usefulness of soluble 
metal complexes for promoting the generation of carbenoids from diazo 
compounds and the factors influencing and influenced by diazoalkane-metal 
complex systems. 
1. Introduction 
Since the original discovery that metals and their salts catalyze 
the decomposition of diazo compounds, procedures have been extensively 
developed to utilize this phenomenon. Primary emphasis has been on the 
employment of copper(O), and copper(!) and copper(II) salts. Some of 
these have been soluble or partially soluble in the reaction mixtures, 
but primary usage has been with heterogeneous systems. As we shall 
demonstrate, the use of homogeneous systems offer considerable advan-
tage and permits more precise examination of the mechanistic aspects of 
the reactions of diazo compounds and catalysts. 
The study of diazo compounds and their decompositions dates from 
the preparation of diazomethane by von Pechmann[2 ] in 1894 from N-nitroso-
methylurethane and alkali. Their general preparation and chemistry have 
been the subject of a number of monographs, chapters, and reviews, the 
most recent being those of Kirmse[3 J, Smith[ 4 J, Millar and Spengall[sJ, 
. [6 ] 
and Cowell and Ledw1th. In addition, more specialized reviews dealing 
with the chemistry of diazo compounds, carbenes or carbenoids have 
appeared. These include reviews on diazomethane chemistry by Gutsche [7 ] 
rs J 
and Hopps and several reviews on halomethylmetal compounds. f9 ,lO,ll] 
Fischer[l2 ] recently reviewed the chemistry of stable transition metal 
carbonyl carbene complexes. The stereochemistry of carbene additions 
[13] 
was covered by Closs. Of particular importance to our recent studies 
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. ~4] is the rev1ew by Dave and Warnhoff on the chemistry of diazoacetic 
ester. 
The decomposition of diazocompounds by boron trifluoride[lS], tri-
[16 17] [18 19 20] 
alkylborates, ' metals and metal salts ' ' will not be dealt 
with here. This survey is primarily concerned with homogeneous and/or 
metal complex catalyzed decompositions of diazo compounds. Special 
emphasis will be placed on the reactions of the resulting species with 
olefinic substrates. 
2. Copper Complexes 
Takebayashi and coworkers[ 2l] have studied several reactions of 
diazo compounds catalyzed by bis(acetylacetonate)copper(II). In the 
presence of Cu(AcAc) 2 ,a-diazoacetophenone and alcohols react to give 
alkoxyacetophenone; the addition of tertiary amines to the reaction 
mixtures surpresses ether formation in favor of the expected phenyl-
acetic ester.[ 2l] 
These results were explained in terms of a carbene-metal chelate 
complex (2). The acetylacetonates of nickel and lead were active 
catalysts but not as effective as the copper complex. The corresponding 
complexes of aluminum, barium, beryllium, calcium, cadmium, cobalt, iron, 
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[22] In a later paper, the same group described the Cu(AcAc) 2 cata-
lyzed addition of ~-diazoacetophenone to a variety of olefins, the 
yields of cyclopropyl adducts were moderate to poor (Table 1). The 
selectivity of the carbene-metal chelate complex is shown by its 
Table 1. Cu(AcAc) 2 Catalyzed.Addition or ~-Diazoacetophenone of Olefin 
Olefin Yield % 




failure to add the carbene to benzene or the triple bond of diphenyl-
acetylene. Reactions involving the stilbenes were shown to be stereo-
specific. Other products found in the reaction mixtures included cis-
and trans-1,2-dibenzoylethylene, 1,2-dibenzoylethane and the dimer of 
diphenyl ketene. All products were assumed to arise from the carbene-
[ 22] 
metal chelate complex. 
Nozaki and coworkers have examined the decomposition of diphenyl-
diazomethane in the presence of Cu(AcAc) 2 • In a preliminary communica-
[23] tion they reported that, in benzene and in cyclohexane, the reaction 








Surprisingly, Cu(AcAc) 2 failed to catalyze the addition of diphenyl-
carbene to either cyclohexene or ethyl vinyl ether. However, an enamine 
of cyclohexanone added the carbene to give 62% yield of cyclopropyl 
adduct. The demand of the carbenoid for electron rich double bonds 
(Cyclohexene compared to the enamine) appears to support a carbene-
[22] 
copper chelate complex postulated by Takebayashi. It may be signifi-
cant that recovery of as much as 90% of the copper chelate was reported. 
This has been assumed to demonstrate that Cu(AcAc) 2 is serving as a true 
catalyst. 
When the methyl groups of Cu(AcAc) 2 are replaced by phenyl, ethoxy 
or trifluoromethyl, varying ratios of azine (4) to ethylene products 
(3) were obtained from the decomposition of diphenyldiazomethane.[ 24 ] 
However, no definite trend was established. 
In contrast to the failure of Cu(AcAc) 2 to catalyze the addition 
of diphenyldiazomethane to cyclohexene, we have shown the complex to be 
an excellent catalyst for the addition of dimethyl diazomalonate to 
[25] 
cyclohexene. The yield of 7,7-dimethoxycarbonylnorcarane was found 
to be highly dependent upon catalyst concentration. At optimum concen-
tration, the copper chelate gave twice the yield as that obtained using 
heterogeneous copper salts. In addition, at high concentrations of 
Cu(AcAc) 2 it appears that a small amount of metallic copper is liberated 
during the reaction. This is turn suggests the possibility that all 
three valance states are present and casts doubt as to the nature of 
the actual catalyst species. Fortunately, experiments have been per-
formed which strongly indicate that copper(II) is the most active 
catalyst species (vide infra)·• 
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The intermediacy of copper carbenoids in the decomposition of diazo 
[24 26) 
compounds as catalyzed by copper chelates was shown by Nozaki et al. ' 
The chiral copper chelate, bis-N-(R)-a-phenethylsalicylaldiminato 
copper(II), (5) was prepared and found to decompose diazo compounds 
readily. Ethyl diazoacetate, in the presence of this chelate, reacted 
with both styrene and 2-phenyloxetane (6) to give asymmetric products. 









Similar results were obtained in the reaction between diazomethane and 
cis, trans, trans-1,5,9-cyclododecatriene and trans-propenylbenzene. 
The optical yields were 6-8% in all cases. Nozaki considered such 
yields to be +ow; but, considering the proximity of copper and the 
asymmetric centers, we feel the optical yields are quite good. The 
intermediacy of a free carbene as a possible explanation for the low 
optical yield was discounted on the basis of dilution data. Even a 
partial asymmetric synthesis of this type does indicate strong coordina-
tion between copper and carbene. 
The addition of diazoacetaldehyde to tetramethylethylene proceeds 
to give the cyclopropyl adduct in 25% yield in the presence of Cu(AcAc) 2 .~ [ 27 ] 
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The reaction of ethyl diazoacetate with Cu(AcAc) 2 itself has been 
[28] 
studied by Sato. The main product (7) was found to result from a 
reaction between one carbene species and two molecules of acetylacetonate. 







Diethyl maleate, a frequent product from diazoacetic ester reactions, 
was isolated in 45% yield. It is mechanistically significant that the 
thermodynamically more stable diethyl furmarate was not reported to be 
among the products. 
One of the few studies which has compared the catalytic activities 
of copper chelates to copper salts was carried out by Hammond and co-
workers. [ 29 ] The copper(II) dipivaloylmethide complex was shown to be 
inferior to copper salts in the addition of ~diazoacetophenone to 
cyclohexene. 0 However, all the reactions were carried out at 28 C; and 
no effort was made to optimize reaction conditions or catalyst concen-
trations. It is dangerous to draw conclusions from any study which 
fails to examine the obvious variables of temperature, concentration, 
and olefin structure (vide infra). 
The Cu(AcAc) 2 catalyzed reaction of ~-diazoacetophenone with 
aromatic aldehydes and ketones has been extensively investigated. 
Benzaldehyde and acetophenone yield the corresponding tetrahydrofurans 
and dioxolanes. [JO] The reactions can be explained in terms of a betaine 
intermediate resulting from the interaction of the carbene-copper chelate 
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complex with the ketone or aldehyde carbonyl group. A similar intra-
molecular process occurred during the decomposition of o-methoxycarbonyl-
a-diazoacetophenone (8). [3l] In this case, the intermediate betaine (9) 


















It is of interest, but not of great synthetic utility, that aryl 
copper compounds are capable of decomposing diazo compounds. Cairncross 
and Sheppard[32 ] found that typical carbene products resulted when ethyl 
diazoacetate or ~(trifluoromethyl)diazomethane were treated with 
pentafluorophenylcopper. In the reactions of ethyl diazoacetate in 
40 
inert solvents, maleate and fumarate esters were generated in a 1:1 
ratio. This might be taken to indicate the formation of free carbene; 
but, the authors discounted the intermediacy of free carbene in favor 
- + of the ylid, c6F5Cu C RR', while presenting no supporting data. 
Sato and Watanabe [33 ] devised a modification of this reaction which 
is useful for preparing substituted aralkyls (Scheme 1, Table 2). 
Scheme 1 
N CR'R" 2 
hydrolysis~ R-<Q)- CBR' R' ' 






















In the reactions involving ethyl diazoacetate, 40% ethyl maleate was 
obtained as a by product. This is in sharp contrast to the fluorinated 
arylcoppers[ 32 ] which gave a 1:1 ratio of the carbene dimers. 
The most comprehensive study of the mechanism of copper catalyzed 
decomposition of diazo compounds previously reported was carried out 
by Moser.£ 34 , 35 ] In his studies ethyl diazoacetate was added to olefine 
4l 
using soluble copper(!) phosphite complexes of the type (Ro) 3P·CuX, 
where R was alkyl or aryl and X was Cl, Br, I or CN. These catalysts 
decompose diazoacetic ester readily at room temperature. Using cyclo-
hexene as substrate and tris(n-alkyl)phosphite copper(!) halides, the 
exo-endo ratio of the norcarane esters decreased as the number of carbon 
atoms in the phosphite increased. The effect was not linear and no 
change was observed above five atoms. This effect was shown to be due 
to steric factors by systematically increasing the degree of branching 
of the phosphite. 
Catalysts of the type (Cl-(CH2)n-o) 3P·CuCl were found to give an 
increase in the exo-endo ratio as n increased. In cases where substi-
tuted aryl phosphites were part of the catalyst, the exo-endo ratio gave 
a good fit to the normal Hammett parameters. 
The optically active tribornylphosphite copper(I) chloride (12) 
3 (12) 
gave a slightly optically active cyclopropane from the reaction of 
ethyl diazoacetate and styrene. The optical yeilds were low (3%), 
compared to Nazaki's work (6-8%), but, the copper atom in the phosphite 
complex is further away from the optical center. Moser claims his 
results require a transition state in which all reacting species 
(Catalyst, carbene, and olefin) are present (Scheme 2). 
0 j 
(RO) P- Cu--- CHCO Et 




exo Isomer endo Isomer 
Scheme 2 
There does seem to be some question as to the actual catalytic 
species present when the phosphite catalysts are used. MOser noted 
that the catalyst solution turned brown early in the addition of the 
diazo compound. House and Blankley [36 ] noted the appearance of an 
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apparently insoluble material in all room temperature reactions utiliz-
ing the trialkylphosphite-copper(I) halide catalyst. 
We have extended the use of trialkylphosphite copper(!) halide 
catalyst to the decomposition of dimethyl diazomalonate and di-t-butyl 
diazomalonate. At room temperature the catalysts decompose diazomalonic 
ester very slowly and the main products are the esters of the ethylene 
tetracarboxylate. Addition of dimethyl diazomalonate to a variety of 
olefins has been accomplsihed at reflux temperatures.[ 37 , 38 ] Higher 
yields of cyclopropyl products are obtained as the boiling points of 
the olefins increase. 
A particularly interesting and, perhaps to some, disturbing set of 
conclusions are required to ac:count for the structures of the allylic 
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[ 38 39] . insertion products ' in the reaction of d~methyl diazomalonate with 
substituted cyclohexenes (compounds 14, 19, 24) because cis-2-heptene 
undergoes completely stereospecific cyclopropanation under identical 
conditions (Table 3). 
Table 3. Products and Yields from the Reaction of Dimethyl Diazomalonate 
with 2-Heptertes. 
















































The presence of rearranged products can in part be treated as resulting 
from the 5-centered process shown in Scheme 3. However, this scheme 
Scheme 3 
cannot account for the formation of (23). We therefore must conclude 
that at least a portion of the rearranged products arise from a two-step 
4~. 
0 (15) > + 
(14) (16) (17) (18) 
?H3 
CHX2 
a><~ + a~3 
' 
'ii 
()~3 (15) (20) (21) 
> 
CHX2 




.... + (18) 
(24) (25) 
X = COOCH3 
45 
process. Thus we see a stereospecific cyclopropanation occurring under 
[41] conditions conducive to triplet like processes. Musso has reported 
the isolation of up to 20% diethyl malonate and a comparable amount of 
benzene from the reaction of diethyl diazomalonate with 1,4-cyclohexadiene. 
The inescapable conclusion is that stereospecificity need not be 
and indeed is not necessarily indicative of singlet like behavior. 
Cl [ 13 ] h h . d . h i f oss, amongst ot ers, as caut1one aga1nst sue an assumpt on or 
carbenes in general. The correlation of spectroscopic spin states, like 
orbital symmetry, with the chemical behavior of molecules, can be 
especially misleading in the presence of transition metals.[ 43] It is 
very likely that in the catalyst-carbene-olefin complex involved in 
cyclopropanation, free rotation about the single bond formed in any 
multistep cyclopropanation reaction is possible. 
A comparison of the various catalysts generally employed for 
"carbene" generation was made with cyclohexene (Table 4) and 1-methyl-
[37 39] 
cyclohexene (Table 5). ' In order to perform these studies it was 
Tables 4 and 5 
necessary to examine the variable, concentration, when operating in the 
homogeneous systems. The fact that there should be optimum catalyst 
concentrations for the various products (Tables 6 and 7) is not in 
Tables 6 and 7 
itself surprising. However, the net effect of these partial rate 
studies is the ability to assign apparent molecularities to the forma-
tion of dimer, allylic C-H insertion products and cyclopropanes 
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Table 4. Effect of Method of Carbene Generation on Yield and Product Distribution in he Reaction of Di-

















1.71 (0.045) 8.05 (0.105) 
2.18 (0.051) 8.38 (0.097) 
2.08 (0.046) 9.07 (0.099) 
4.67 (0.074) 18.4 (0.144) 
5.98 (0.081) 11.5 (0.157) 
5.92 (0.076) 12.4 (0.158) 
-I='"" 
-.J 
Table 5. Effect of Method of Carbene Generation on Yield and Product Distribution in the Reaction of Di-methyl Diazomalonate with 1-Methylcyclohexene 
Catalyst (20) (21) (22) (23) (18) 
Cu 22.9 (1.00) 1.23 (0.054) 4.13 (0.180) 18.5 (0.810) 5.64 (0.122) 
CuCl 19.1 (1.00) 1.45 (0.076) 3.76 (0.197) 17.5 (0.915) 4.83 (0.125) 
Cuso4 24.8 (1.00) 2.49 (0.100) 6.07 {0.244) 24.0 (0.0965) 7.36 (0.146) 
(CH30)l·CuC1 29.6 (1.00) 2.30 (0.077) 10.7 (0.360) 26.0 (0.878) 5.15 (0.086) 
~ 
co 
Table 6. Product Distribution as a Function of (CH3o) 3P·Cui concentration in the Reaction of Dimethyl 
Diazomalonate with Cyc1ohexene 
--
Catalyst (16) (18) (17) Total 
(mmo1e) Product 
0.0042 10.98 (1.00) 3.91 (0.356) 1.43 (0.130) 16.32 
0.0085 20.08 (1.00) 4.58 (0.228) 1. 30 (0. 065) 25.96 
0.0170 22.74 (1.00) 4.82 (0.212) 2.54 (0.112) 30.10 
0.0350 43.76 (1.00) 5.26 (0.120) 3.65 (0.083) 52.67 
0.0700 55.77 (1.00) 7.43 (0.133) 4.72 (0.085) 67.92 
0.1400 73.53 (1.00) 11.52 (0.157) 5.98 (0.081) 91.03 
0.2800 69.24 (1.00) 16.35 (0.236) 6.99 (0.101) 92.58. 
0.5600 58.52 (1.00) 14.99 (0.256) 4.49 (0.077) 78.00 
1.120 55.77 (1.00) 29.23 (0.524) 5.32 (0.095) 90.32 
2.240 50.62 (1.00) 28.49 (0.563) 3.64 (0.072) 82.75 
















Product Distribution and Yields as a Function of Cu(AcAc) 2 Concentration in the Reaction of Di-
methyl Diazomalonate with Cyclohexene 
(16) (18) (17) Total 
Product 
6.55 (1.00) 0.51 (0.078) 0.87 (0.134) 7.93 
6.86 (1.00) 0.62 (0.090) 0.86 (0.125) 8.34 
51.48 (1.00) 7.18 (0.139) 4.63 (0.090) 63.29 
40.76 (1. 00) 3.10 (0.076) 5.58 (0.137) 49.44 
71.47 (1.00) 7.93 (0.111) 6.19 (0.087) 85.59 
78.08 (1.00) 12.39 (0.158) 5.92 (0.076) 96.39 
69.24 (1.00) 19.57 (0.283) 6.44 (0.093) 95.25 
55.43 (1.00) 34.44 (0.621) 5.00 (0.090) 94.87 
48.65 (1.00) 20.93 (0.430) 7.52 (0.154) 77.10 
42.04 (1.00) 6.87 (0.163) 4.76 (0.113) 53.67 




Employing catalysts of the type (CH30) 3p.cux, we found the amount 
of C-H insertion (the triplet like behavior) relative to cyclopropana-
tion increases as the leaving group ability of X increases (Table 8).[ 39] 
Table 8. Effect of Anion upon Yields and Product Distribution in the 
Reaction of Cyclohexene with Dimethyl Diazomalonate. 
(CH3o) 3P·CuX (16) (18) (17) 
0.14 mmole 
* X = BF4 59.55 (1.00) 7.25 (0 .122) 8.09 (0.136) 
I 74.23 (1.00) 12.88 (0.174) 7.42 (0.101) 
Br 68.64 (1.00) 15.11 (0.220) 6.68 (0.097) 
Cl 63.92 (1.00) 13.25 (0.207) 4.69 (0.074) 
SCN 28.31 (1.00) 1.31 (0.046) 1.82 (0.064) 
CN 41.53 (1.00) 0.81 (0.020) 0.92 (0.023) 
*Concentration less than 0.14 mmole due to decomposition during 
transfer. 
In addition when common anions were added to reactions involving tri-
alkylphosphite copper(!) chloride and iodide, the decomposition of diazo 
compound was severely depressed. [39 ] On the other hand, addition of 
fluoroborate ion to the same reaction mixtures had only slight effect 
(Table 9). 
Such behavior is consistent with a displacement of anion in a pre-
equilibrium or rate determining step. The distinction between these 
[45] two steps can be made. The optimum catalyst concentration for 
standard runs occurs at 0.14 mmole catalyst per 50 ml of olefin, inde-
pendent of olefin or catalyst (copper(!) halide-trialkylphosphite and 
Cu(AcAc) 2). This is consistent with loss of nitrogen being rate 
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Table 9. Effect of Common Ion on the Reaction of Cyclohexene with Di-
methyl Diazomalonate 
Catalyst Salt (16) (18) (17) 
(CH3o) 3P·Cui none 74.23 (1.00) 12.88(0.174) 7.42(0.101) 
(CH3o) 3P•Cui (CH3) 4NI 3.33(1.00) 0.00 7.08(2.12) 
(CH3o) 3P·Cui (CH3 ) 4NBF4 63.66 (1. 00) 11.36(0.178) 5.00(0.078) 
(CH3o) 3P·CuCl none 63.92 (1.00) 13.25 (0. 207) 4.69(0.074) 
(CH3o) 3P·CuCl (CH3) 4NC1 8. 58 (1.00) 1.57 (0.183) 0.00 
(CH30) 3P·CuCl (CH3) 4NBF4 49.33(1.00) 5. 26 (0 .107) 4.08(0.083) 
determining and we therefore propose the mechanism shown in Scheme 4. 
This is a slight modification of that proposed by Moser. [34 , 35 ] 
Scheme 4 
A necessary consequence of this mechanism and the partial rate data 
is the dependence of dimer formation upon the square of the concentration 
of the catalyst-carbene complex (30). In addition, the variation of 
the fumarate-maleate ratio over a range of concentrations, (Table 10) 
requires that a second path besides that shown in equation 4 be opera-
tive. This path depends upon the concentration of (27) and diazo 
compound (15). On steric grounds, fumarate will become increasingly 
dominant as path (30) becomes important. 
[46] In the case of ethyl diazoacetate, Moser reported the trialkyl-
phosphite catalysts to be most effective with olefins which were care-
fully freed of peroxides. However, we did not find this to be the 
case. A positive peroxide effect is also observed in reactions of 
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(27) (28) 
X - + 
(29) 
(31) 
\/ C X 






Table 10. Product Distribution in the Reaction of Cyclohexene with 
Ethyl Diazoacetate using [(CH30) p] •Cui as Catalyst 3 n 
Catalyst Norcarane Dimer 
(nunole) n exo en do ratio Cis Trans Ratio 
0.140 l 7.80 0.65 12.0 0.088 0.123 0.715 
5.00 1 2.91 1.16 2.51 0.218 0.710 0.307 
0.140 2 7.87 0.684 11.5 0.100 0.150 0.667 
5.00 2 0.965 0.946 1.02 0.077 0.254 0.304 
0.140 3 8.05 0.533 15.1 0.067 0.111 0.608 
5.00 3 0.333 0.832 0.40 o.oo 0.00 
dimethyl diazomalonate (Table 11). [47 ,48 J We have shown that treatment 
Table 11. Effect of Peroxide upon the Reaction of Cyclohexene with 
Dimethyl Diazomalonate 
Catalyst Conditions (16) (18) (17) 
(CH3o) 3P·Cui A 74.23 (1.00) 12.88 (0.174) 7.42 (0.101) 
(CH3o) 3P·Cul B 19.38 (1.00) 2.02 (0.104) 1. 79 (0. 092) 
(CH3o) 3P•Cul c 72.02 (1.00) 11.35 (0 .157) 5.28 (0.074) 
(CH3o) 3P·Cul D 67.78 (1.00) 12.09 (0.178) 6.27 (0. 093) 
(CH3o) 3P·CuBr A 68.64 (1.00) 15.11 (0.220) 6.68 (0.097) 
(CH3o) 3P•CuBr B 21.96 (1.00) 1.88 (0.086) 2.08 (0.094) 
(CH3o) 3P·CuBr c 69.76 (1.00) 14.24 (0.204) 5.54 (0. 080) 
(CH3o) 3P·CuBr D 67.35 (1.00) 11.77 (0.175) 5.46 (0.081) 
None c 9.44 (1.00) 1.83 (0.194) 0.00 
A. Untreated, commercial cyclohexene. 
B. Commercial cyclohexene filtered through alumina. 
c. Condition B, then benzoyl peroxide added. 
D. Condition B, then Vazo added. 
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of the catalyst with excess benzoyl peroxide furnishes copper(II) 
benzoate and we know from precedents that phosphites react with 
peroxides.[ 49 ] The two processes are apparently competitive and we 
infer that we are generating copper(II) alkoxy halides.[ 50] The 
presence of phosphite is inherently bad from the standpoint of 
[51] 
carbenoid generation, for phosphites trap carbenes and generate 
h h . [52 ] f d. d All f h f p osp 1nazenes rom 1azo compoun s. o t ese actors were 
examined and we found that several additives grossly depressed yields 
(Table 12)SJ9 , 53 ] In the case of copper(!) and (II) chlorides, the 
Table 12. Effect of Additives upon Yields and Product Distribution in 
the Reaction of Cyclohexene with Dimethyl Diazomalonate 


















49.94 (1. 00) 
45.82 (1.00) 
55.00 (1. 00) 
59.54 (1.00) 
(18) (17) 
13.25 (0.207) 4.69 (0.074) 
33.44 (1.00) 2.29 (0.071) 
21.18 (0.460) 3.75 (0. 082) 
16.23 (0.238) 5.92 (0.087) 
19.20 (0.317) 5.08 (0.084) 
24.28 (0.486) 4.61 (0.092) 
17.34 (0.378) 3.72 (0.081) 
17.96 (0.326) 5.34 (0.097) 
25.14 (0.422) 4.48 (0.077) 
effects may well result from the common ion effect. With phosphite 
esters we found that the resulting phosphinazenes do not generate carbenes 
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upon catalytic deco~position as is the case with phosphinazenes derived 
. . . [54] for d~phenyldiazomethane. 
We have found the catalytic activity of Cu(AcAc) 2 is completely 
independent of the presence or absence of peroxides (Table 13). Thus, 
Table 13. Effect of Peroxides upon the Cu(AcAc) 2 Catalyzed Addition of 
Dimethyl Diazomalonate to Cyclohexene 
Cyclohexene (16) (18) (17) 
Commercial 78.1 12.4 5.92 
Peroxide free 78.5 12.4 5.81 
we believe that copper(II) is the active catalyst species or is at 
least superior to copper(O) and copper(!). 
The correlations reported above with "copper(I)" catalyst are valid 
as are the resulting conclusions. This results from the rather fortui-
taus circumstance.that we operated with single batches of olefin when 
performing comparison studies. Ironically, if we had employed Moser's 
precautions, it is doubtful that we would have made any of our observa-
tions and probably would not have undertaken these studies. His 
reaction conditions are sufficiently close to maximum catalyst solu-
bilities that optimization and examination of catalyst concentrations 
over a range proportionally broad as our own would not have been 
possible. 
In retrospect, the catalyst species most probably contributing to 
our results is an undefined copper(II) alkoxy halide. Fortunately 
sufficient peroxy impurities were always present to insure attaining 
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optimum conditions. This conclusion is not particularly unreasonable 
because the amount of catalyst (0.14 mmoles) is present in about 500 
mmoles of olefin. Thus, a peroxide content of only 0.03 percent will 
furnish sufficient alkoxy radicals to convert all catalyst present to 
the copper(II) species. 
3. Nickel Complexes 
Nickelocene (33) shows marked selectivity toward diazo compounds. 









of diazomethane caused instantaneous nitrogen evolution and polymer 
formation. Even in the presence of cyclohexene, only polymer was 
formed. Nickelocene brings about rapid decomposition of diazopropene 
and ethyl diazoacetate formed cyclopropyl products when the reactions 
were carried out in olefins. The action of nickelocene appears to be 
catalytic; almost quantitative recovery of the nickelocene was made after 
some of the reactions. 
Werner and Richards assumed that the failure of nickelocene to 
decompose diphenyldiazomethane and diazofluorene was due to steric 
factors. It appears that some other property of aromatic diazo compounds, 
such as the extent of charge delocalization, may also be involved. 
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The steric consequences of the nickelocene catalyzed decomposition 
of ethyl diazoacetate are unusual. For example, cyclohexene gave 
fumarate, maleate and norcarane in the ratio 1.4:2.6:1.0. This is in 
contrast to copper catalyst which normally gave higher yields of the 
more stable fumarate dimer (vide supra). It should be noted, however, 
that the reactions were carried out by adding the catalyst to a solution 
containing all of the diazo compound, a condition which greatly favor 
dimer and azine formation. The synthetic utility of the reaction 
could probably be improved by slow, reverse addition. Werner and 
Richards explained the effect of nickelocene in terms of a complex 
having the "carbene" double bond directed toward the nickel atom. (34) 
Nickelocene and Cu(AcAc) 2 gave almost identical results in the 
addition of a-diazoacetophenone to vinyl acetate. [l5 ] 
Nickel carbonyl is an effective catalyst for decomposing most 
diazocompounds. The effect of nickel carbonyl was shown to be greater 
than that of the corresponding carbonyls of iron, cobalt, and molyb-
denum. [56 ] The reaction of ethyl diazoacetate with cyclohexene under 
the influence of nickel carbonyl yields only fumarate and norcarane, in 
. [55] a 6.1:1.0 rat~o. This is in sharp contrast to the effect of 
nickelocene and Qbviously reflects in part the different hybridizations 
and valence states of the metal atom. Mechanistically, the effect of 
metal carbonyl is probably similar to that of BF3 • (Equation 6) 
- + 




2:>" R2C-Ni(C0) 3 (6) 
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Bis (trifluoromethyl)diazomethane reacts with certain zero valence 
complexes of nickel, pallqdium and platinum to give complexes of type 
(35). These complexes are thought to arise through the intermediacy of 




Pt N + N:::N-C(CF3 ) 2 
L/ " I c (38) /\ 
CF3 CF3 \ (37) 
N 
I 
-N L N 
(35) < 
2 
'Pt/ N=N / '\_ /j ~(CH3)2 
M Ni, L = ButNC 
L /c\ 
CF3 CF3 
M Ni, L = PPh3 
M Ni, L 2 = 1,5-C8H12 (39) 
M= Pd, L = ButNC 
M = Pd, L = C6HllNC 
M = Pt, L = PPh3 
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4. Palladium Complexes 
Armstrong has shown ethyl diazoacetate to be smoothly decomposed 
by di-~-chlorodi-TI-allydipalladium at temperatures as low as 0 to 
looc. [58] d 1 Mo erate to ow yields of cyclopropanes result when the 
decomposition is carried out in the presence of olefins. The complex 
catalyzed the addition of only one carbene to dimethylacetylene, where-
as copper gave the corresponding bicyclobutane. 
Armstrong's work is of particular interest from a mechanistic 
standpoint. The palladium complex is known to be split by nucleo-
philies. [59 ] Thus, Armstrong assumed the first step of the reaction 
to be a nucleophilic attack by the diazo carbon on the complex, followed 
by elimination of nitrogen (Equation 7). This is similar to the 
mechanism suggested by Wulfman and Peace for trialkylphosphite copper(!) 
halides. [ 39 ] 
fz 
CH2 ~:CH-C00Et 
/ ' CH Pd (7) 
\. I' CH2 Cl 
Cyclopropane 
The related dichloro-bis(triphenylphosphine)di-~-chlorodipalladium 
. [60] 
also decomposes ethyl d1azoacetate. The norcarane was formed when 
the reaction was carried out in cyclohexene, but no mention was made of 
the yield or side reactions. Surprisingly, diazoacetonitrile reacted 
with the complex to give a stable complex (40) resulting from formal 
insertion of the carbene into the J;>d-Cl bond. This material is stable 
to 265°C. The corresponding palladium-cyclohexene complex, 
(C6H10 :PdC12) 2 , reacted in a similar manner, giving no norcarane. 
H 
I 
CN-C ~~ ¥" 
Pd H 





Palladium dichloride and di-chloro-di-~-allyldipalladium gave complexes 
[60] 
with cyanocarbene, irrespective of the presence of cyclohexene. 
Bis(trifluoromethyl) diazomethane reacts with palladium chloride com-
[61] plexes to give Pd-Cl insertion products. 
5. Iridium Complexes 
. [62] Iridium chlorocarbonylbis (tr1phenylphosphine) (41) reacts 
with diazomethane to give a stable methylene containing complex (42). 
This complex will not transfer its methylene group to cyclohexene even 
(41) 
CH2 '~ : Ir 
Ph P ,.,/\ "c1 
3 OC PPh3 
(42) 
at 200°c. It does, however, react with the more polar double bond of 
styrene below 100°C. 
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6. Iron Complexes 
Iron dipivaloylmethide has been used to decompose diazomethane in 
cyclohexene to give norcarane in low yield. [63 , 64 ] Its behavior is 
similar to the usual behavior of copper and copper salts in that no C-H 
insertion products were formed. The complex was not destroyed during 
the reaction. Werner and Richards[SS] found ferrocene to have no 
effect on the thermal or photochemical reaction of diazomethane with 
cyclohexene. 
An unusual reaction of diaryldiazomethane with iron carbonyl has 
been reported by Mills and coworkers.[ 65 , 66 J Diphenyldiazomethane does 
not decompose in the presence of pentacarbonyliron or dodecacarbonyltri-
iron. A stable complex (43) was isolated which still contained the 




N '7 'Ph 
I 
N 
/ ~Fe(C0) 3 








the complex as a carbene percursor is doubtful since it is a high 
melting solid. 
7. Chromium Complexes 
Dicyclopentadienylchro~ium ia unusual in that it does not react 
with diazomethane but does decompose ethyl diazoacetate. [55 ] The 
complex reacts rapidly with one mole of diazoacetic ester but excess 
diazo compound is decomposed very slowly. Fumarate, maleate and nor-
carane are formed in a 1.5:0.6:1.0 ratio when the reaction is carried 
out in cyclohexene. 
8. Miscellaneous 
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[67 68] Stone et al. ' have reported on the reaction of bis(trifluoro-
methyl) diazomethane with several metal complexes. Stable carbene 
complexes were obtained from complexes of iron, cobalt, manganese, 
platinum, and iridium. Whether such complexes might be of use as 
catalysts to decompose other diazo compounds was not reported. 
[69] Stoffer and Musser have observed the unusual decomposition of 
diazo compounds by N-sulphinylaniline. Phenyldiazomethane and phenyl-
diazoethane react at room temperature in the dark with N-sulphinylaniline 
to give the corresponding ketimine. In contrast, diphenyldiazomethane 
underwent the reaction only under photolysis (Equati?n 8). 
PhRC=N2 + Ph-N=S=O Dark » Ph-Nci:CRPh (8) 
9. Conclusions 
In reviewing the existing data on homogeneous catalyzed decomposi-
tions of diazo compounds, we conclude that the catalysis process up to 
the loss of nitrogen is strictly a Lewis acid-base phenomenon. After 
loss of nitrogen, back donation of low lying d-orbital electrons can 
stabilize the intermediate and lead to carbene like reactions. When 
no back donation is feasible (for energetic reasons ·or the absence of 
64 
d electrons) the reactions proceed in a fashion consistent with the 
character of the Lewis conjugate acid of the carbene~ namely~ carbonium 
ion character. Results with boron compounds support this contention. 
It should be possible to tailor catalysts to suit the unique require-
ments of a given reaction and diazo compound. We are currently engaged 
in attempts to clarify this point. 
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ANGUlAR ALKYLATION 
One of the major problems in the total synthesis of terpenes 
and steroids is the stereospecific introduction of angular rnet~l groups 
or other carbon substituents. Reactions used or attempted in early 
work, namely alk,ylation with a~lhalides and conjugate addition of 
Grignard reagents, 2' 3 are relatively unsatisfactory because of their 
high sensitivity to steric hinderance giving predominant~ the unde-
sired ~ product. Early successful efforts were based 
annelation4. process or various modifications,5 but this 
plagued by low yields and impure products. 6 Nagata et. 
on the Robinson 
method is often 
1 7,8,9 a • 
introduced an improved hydrocyanation reaction using potassium cyanide 
and ammonium chloride. Later, alkylaluminum compoundslO,ll were 
found to be superior co-reagents in the reaction. This process was 
recently used by Ireland and Welch12 in the total synthesis of d,l-
alnusenone. 
The rearrangement of magnesium salts of halohydrins to ketones 
was recently used by Sistic and Vitale13 for the stereoselective cis 






Storch and Stotterlu. introduced an elegant synthesis of trans-
fused, angularly substituted, polycyclic systems involving Diels-Alder 
addition to a dihydrothiophene. (Figure 2) 
+ ) 
l) Raney Ni 
2) Hydrolysis 
Figure 2 
The literature contains numerous examples of angular methylation 
. . . 15,16,17 ~ cyclopropyl r~ng-open~ng. For example, Birch and co-
workers utilized the following sequence (Figure 3) to introduce a 
MeO 
1) : CBr2 
2) TosCH ) ) 
0 






lO~methyl group as part of the total synthesis of a non-aromatic 
steroid. 
This method of angular methylation is particularly attractive in 
view of the fact that polar groups (OH, COOH, OCH3 ) direct Simmons-
18 . 19 . Smith reagents ~ to themselves. S1.ms used th1.s fact to develope 
a synthetic sequence involving a stereospecifically formed cyclopropane 
·, 
ring and its subsequent selective opening to produce an angular methyl 
group. (Figure ~.) In a non-steroid system, it has been shown that 
) 
1) Oxidation 
2) HCl,AcOH ) 
Figure 4 
the acid function used to direct the Simmons-Smith addition can be 
20 





Several other examples o£ angular methylation ~ cyclopropanes 
are to be £ound in re£erences 21-23. 
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Wh 2b itlock and Overman have developed a potentially useful modi£i-
cation o£ the cyclopropane-angular methyl trans£ormation. Thus, treat-
ment o£ lithium enolates with Simmons-Smith reagent leads directly to 
the angular methylated product without isolation o£ the cyclopropyl 





During a study o£ the stereochemistry o£ lithium dimethylcopper 
methylation, Marshall and Ruden25 observed an unusual angular 
ethylation. Addition o£ the tricyclic enone to solutions o£ lithium 
dimethylcopper gave the ring-opened product in addition to the expected 
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NUCLEOPHILIC CYCLOPROPYL RING-OPENING 
Spectroscopic evidence indicates considerable similarity between 
carbon-carbon double bonds and cyclopropyl systems.1 ' 2 It is therefore, 
not surprising that a few properly substituted cyclopropanes are known 
to undergo nucleophilic reactions of the Michael type. 3 
In the condensation of et~lene bromide and diethyl malonate in 
the presence of sodium etbo.xide, Bone and Perkin4 f'ound that part of 
the initially formed cyclopropane dicarbo~late underwent further re-
action with malonate anion to give the ring opened 1,1,4,4-tetra-
metho:x;ycarbonylbutane. Thorpe and coworkers5' 6' 7 found that the re-
action of 1-etho~arbonyl-1-cyanocyclopropane with either et~l 
cyanoacetate or diet~l malonate gave ring-opened products. The ring-
opened materials undergo fUrther reactions yielding the corresponding 
cyclopentanoneimides. (Figure 1) 
CN 














EtOOC ~ COCEt 
0 
Ethyl sodiomalonate and 2-vinyl-l,l-diethoxycarbonylcyclopropane 
8 
has been reported to react by attack at both the carbon-carbon double 














Bloornfield9 recently expressed some doubt as to the accuracy of 
this report. He was able to isolate only 2-3% of the ring-opened 
products using sophisticated distillation techniques. However, his 
78 
studies were carried out using excess malonic ester as solvent, whereas 
alcoholic solvents were employed in the earlier work. 
10 
Stewart and Westberg have shown that secondary amines are 
effective nucleophiles for cyclopropyl ring opening, and Dolfini and 
ll 
coworkers have shown that enamines can participate in the reaction. 











The anions from phenols, thiophenols and mercaptans also attack suit-
ably substituted cyclopropanes in a similiar fashion. 10 
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The unusual dispiro-(?.o.$.1]-trideca-1,5,8,12-tetraone undergoes 
uncatalyzed ring-opening in the presence of alcohols or thiourea. 12 
(Figure :5) 
~,r2 
0 ~2 0 
0 0 
Figure :5 
During the structure determination of tumor promoting phorbols, 
Gschwendt and Hecker13 observed an unusual cyclopropyl ring-opening 
and suggested the mechanism outlined in Figure 6. 
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Boiling points and melting points are given in degrees centigrade 
and are corrected. Spectra were determined on a Varian A-56/60 nuclear 
magnetic resonance spectrophotometer (n. m. r.) using tetramethylsilane 
as an internal standard and a Perkin-Elmer 337 infrared spectropho-
tometer using a polystyrene film as reference. Gas chromatographic 
(g.c.) ana~ses were performed using a Varian Aerograph model 90P 
and separations were carried out using a Varian Aerograpb model A-700. 
All elemental analyses were per.forned by Spang Microanal,-tical Lab-
oratory, Ann Arbor, Michigan. The term "solvent was removed" means 
by rotovaporation at water bath temperatures (75-90°0) unless other-
wise stated. 
The diloothyl malonste, malonic acid, cyclohexene, 1-methylcyclo-
hexene, cycloheptene, 3-methylcyclohexene, 3,5,5-trimet~lcyclohexene, 
and 2-methylcyclohe:x:anone em;plo,ed were supplied by the Aldrich Chemical 
Co. £!.!- and trans-2-heptene were supplied by the Chemical Samples Co. 
Cyclooctene and 1,3-c;rclooctadiene were obtained from the Columbian 
Carbon Co. Trimet~lphosphite was fUrnished by the Aldrich Chemical 
Co. All other phosphites were were generously given as samples by the 
Mobile Chemical Co. Copper salts were supplied by the Research 
Organic/Inorganic Chemicals Corp. 
Before their use, all olefine were distilled and stored under 
nitrogen and over 4-A molecular sieves. 
Through out the experimental and the results and discussion 














PREPARATION OF STARTING MATERIALS 
The Preparation of p-Toluenesulfonyl Azide 
p-Toluenesulfo~l azide was prepared by the method of Doering and 
1 
DePuy. To a mixture of 170 g (0.892 mole) of p-toluenesulfo~l 
chloride in l liter of 95% ethanol was added a solution of 70 g (1.08 
mole) of sodium azide in 200 ml of water. The resulting mixture was 
stirred 2 hours at room temperature and poured into 6 liters of water. 
The oily azide settled out upon standing overnight. After decanting 
the aqueous layer, the azide was washed 3 times with 100 ml of water, 
once with 100 ml of saturated sodium chloride solution, dried over 
sodium sulfate and finally dried over calcium chloride. The yield was 
150 g (86%) of colorless oily azide which was used without further 
purification. The reported yield was 82%. The infrared spectrum 
(neat) showed bands at 2110 (s, N3 ), 1352 {s) and 1170 cm-l (s,b} 
among others. The n. m. r. spectrum (0014) had a singlet at 17.55, 
a doublet at ~.64 (J•8cps, H's ortho to tbe meth~ group) and a 
doublet at T2.22 (J•8cps}. 
The Preparation of Dimetgyl Diazomalonate 
A solution of 132 g (0.67 mole} of p-toluenesulfo~l azide, 71 g 
(0.70 mole) of triethylamine (which had been stored over potassium 
hydroxide pellets), and 93 g (0. 70 mole) of dimethyl :malonate in 6oo ml 
of dry benzene was allowed to stand at room temperature overnight. 
The solid (p-toluenesulfonamide) was filtered and washed with 100 ml 
of cold benzene. The combined benzene solutions were concentrated in 
vacuo (water) using a 6Q0 o water bath, and 200 m1 of hexane vas added 
to precipitate the remaiailll p-toluenesul.tonaaide. After removal of 
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the benzene-hexane solvent, the material was distilled to give 96.6 g 
(91%) of clear yellow oily dimethyl diazomalonate b.p. 42-44°0/0.01 mm 
0 2 (lit. b.p. 63 0/l rnm). The n. m. r. spectrum (0014) showed the 
presence of 3-4% unreacted dimethyl malonate (the methyl ester hydrogen 
resonances of the diazo compound appear at T6.20 and those of the un-
reacted malonate at ~6.34). The dimethyl malonate was removed by very 
slow distillation through a 6tt column. The unreacted dimethyl malonate 
distilled over at 32-34°0/0.01 mm and the dimethyl diazomalonate at 
40-41°0/0.01 mm. In other runs it was found that the redistillation 
can be stopped after the dimethyl malonate is removed, as shown by the 
yellow color of the distillate. The infrared spectrum (neat) showed 
-1 
-1 ( ) -1 bands at 2130 em (s, O•N2), 1740 and 1760 em s, O•N , 1695 em 
(s, O•N), 1335 cm-l (s,b). Analysis calculated for 05H6~N2 : O, 37.96; 
H, 3.80; N, 17.72. Found: O, 37.87; H, 3.19; N, 17.64. 
The Preparation of Di-t-butyl Malonate 
Di-t-butyl malonate was prepared by the method of Korst.3 A 
mixture of dry ethyl ether and 10 ml of concentrated sulfUric acid was 
placed in a 24 ounce ginger ale bottle, capped and placed in the 
freezer to cool. 
0 After cooling to -5 o, the bottle was opened and 
100 g (0.96 mole) of malonic acid and 2'-t.O ml (3 .. 0 mole) of isobutylene 
(also at -5°C) were added. The bottle was then recapped and let stand 
in the hood with occasional shaking until the malonic acid dissolved 
(about one day). The bottle was again cooled to -5°0, and the contents 
poured, with stirring, into a 3 liter beaker containing 150 g of sodium 
qydroxide in 500 m1 of water and 500 g of ice. The mixture was trans-
ferred to a separatory .:f."UD..lel, tbe. aqueous laye~ was drawn off and 
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extracted twice with ether. The ether extracts were combined with the 
organic layer, washed twice with 100 ml of water, twice with 50 ml of 
saturated sodium carbonate solution, once with 100 m1 of saturated 
sodium chloride and finally dried over anhydrous sodium carbonate. The 
ether was removed and crude ester distilled from alkali washed glass-
ware to yield 117 g (57~) of colorless di-t-butyl malonate, b.p. 62-
6300/1 mm (lit. b.p. 65-67°0/1 mm). Korst reported a 64% yield. The 
infrared spectrum (neat) showed bands at 2940 (s, C-H), 1740 (s,b, C•O), 
-1 
and 1143 em (s,b) among others. The n. m. r. spectrum (CC14) showed 
a singlet at T8.55 (lBH) and a singlet at 1r6.94 (2H). 
The Preparation of Di-t-butyl Diazomalonate 
A solution of 54 g (0.25 mole) of di-t-butyl malonate, 25 g (0.25 
mole) of triethylamine and 48 g (0.25 mole) of p-toluenesulfonyl azide 
in 500 ml. of dry benzene was allowed to stand at room temperature for 
~. weeks. The diazo compound was worked up as previously described for 
the dimethyl analogue to yield 60 g (98%) of material boiling at 
0 40-50 C/0.01 mm. On slow redistillation, 25 ml of unreacted ester 
was recovered (b.p. 34-36°0/0.01 mm) and 28.5 g (47%) of the yellow 
di-t-butyl diazomalonate (b.p. 38-40°0/0.01 mm) was collected. The 
n. m. r. spectrum (0014) showed a sharp singlet at T8.50 as the onlY 
peak. The infrared (neat) showed bands at 2130 cm-1 (s, C=N2), 1725 
and 1750 cm-1 (s, C=N). Analysis calculated for c11H18~N2 C, 54.51; 
H, 7.45; N, 11.62. Found: C, 54.66; H, 7.26; N, 11.48. 
The Preparation of 11 2-Dimetgyloyclohexanol 
A. Grignard reagent was prepared by adding a solution of 113.4 g 
(0.93 mole) of meteyl iodide in 200 m1 of anhydrous ether to 22.6 g 
(0.93 mole) of dry shiny magnesium turnings plus a crystal of iodine 
in 200 ml of anhydrous ether at a rate just fast enough to maintain 
gentle refluxing. After addition of methyl iodide was complete, the 
mixture was refiuxed an additional hour, then cooled in an ice bath. 
A solution of 100.0 g (0.89 mole) of 2-methylcyclohexanone in 200 ml 
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of anhydrous ether was then added over a period of 2 hours with stirring. 
When the addition was complete, the mixture was refiuxed l hour. The 
reaction mixture was poured into a beaker of ice and the complex de-
stroyed with concentrated hydrochloric acid and water. The organic 
layer was separated and the aqueous layer was extracted twice with 
200 ml of ether. The combined organic solutions were washed with 
100 ml of water, 50 ml of 5% sodium thiosolfate, 50 ml of 10% sodium 
bicarbonate, again with 50 ml of water, and fina~ washed with 100 ml 
of saturated sodium chloride and dried over sodium sulfate. Removal 
of the ether gave 120 g (94%) of the alcohol which was used without 
.further purification. The infrared spectrum showed only a trace of 
unreacted ketone. 
The Preparation of 1,2-Dimetgylcyclohexene 
1 1 2-dimethylcyclohexene was prepared by the method of Hammond and 
Nevitt. 4 A crystal of iodine was added to 100 g of 1,2-dimethylcyclo-
hexanol and the mixture distilled to give a mixture of olefins and 
water. The olefin layer was drawn off and the aqueous layer extracted 
twice with 50 m1 of petroleum ether (30-60°0). The combined organics 
were washed once with 25 ml of water, once with 50 ml of saturated 
sodium chloride, then dried over sodium sulfate. After removal of 
the solvent, the liquid was distilled through a 41 spinning-band column. 
Fractions were collected at 124-125°0 (2-metqylmethylenecyclohexane), 
130-131.3°0 (2,3-dimethylcyclohexene), and at 135.9-136.5°C (dimetAyl-
cyclohexene). A total of 75 g of the desired olefin was collected. 
G.c. analysis showed it to be 99% pure. Its n. m. r. spectrum (CC14) 
showed a broad peak centered at T8.09 and a sharp singlet at r.8.42 
(OH3). Some of the ring protons lie under this last peak. 
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PREPARATION OF CA~YSTS 
Trimethylphosphi te Copper (I) Chloride 
Method A. The procedure given here is a modification of the 
5,6 
method of Arbuzov. A solution of 12.4 g (0.1 mole) of trimethyl-
phosphite (which had been dried over metallic sodium) in 200 m1 of 
dry benzene was stirred while 9.9 g (0.1 mole) of copper(I) chloride 
was added. Initially, the salt dissolved as rapidly as it was added, 
but some solid remained at the end of the addition. The unreacted 
salt was removed by filtration, the solvent was removed and 20 m1 of 
methanol was added. The white crystals which formed were filtered 
and dried under vacuum (1 mm) at 50°C for 3 hours. The yield was 
20.0 g (90%) of material melting at 192-193°0 (lit.5 190-192). In 
other runs using freshly prepared copper {I) chloride, the complex 
melted at 229-230°C. The higher melting complex was subjected to 
analysis. Analysis calculated for C389a,PCuOl: o, 16.14; H, 4.03; 
Cl, 15.92; P, 13.90; Ou, 28.47. Found: C, 16.17; H, 3.95; Cl, 15.89; 
P, 14.04; CU, 28.20. 
M9thod B. This :method was used by Beriger 7 in the preparation of 
trimethylphosphite. A solution of 4.80 g (0.15 mole) of dry methanol 
in 50 m1 of toluene was cooled to -10°0 and 4.95 g (0.05 mole) of 
copper(I) chloride was added. With stirring, 6.53 g (0.05 mole) of 
phosphorus trichloride was added at a rate sufficient to maintain the 
temperature between -5 and -10°0. Af'ter the addition, the mixture was 
warmed to room temperature {20 minutes), during which time hydrogen 
chloride gas was evolvedi 11le wbite solid was filtered off, washed 
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several times with cold pentane, then dried under vacuum (1 mm) at 
50°C £or 3 hours. The melting point of this complex was 194-196°C. 
The infrared spectrum (400-4000 cm-1 ) was identical to that of the 
higher melting complex. 
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M3thod C. A solution of' 12.b g (0.1 mole) o£ trimethylphosphite 
in 100 ml o£ dry benzene was stirred as 6.7 g (0.05 mole) of copper(II) 
chloride was added. After 30 minutes at reflux, the mixture was 
filtered, cooled, and allowed to crystalize. A total o£ 10.0 g (90%) 
o£ trimethylphosphite copper(!) chloride melting at 194-196°C was 
collected. This material was identical to that prepared by methods 
A and B as shown by comparison o£ their infrared spectra (400-4000 cm-1 ). 
Trimethylpho sphi te Copper {I) Bromide 
To a stirred solution o£ 7.20 g (0.05 mole) of trimethylphosphite 
in 50 ml o£ dry benzene was added 7.17 g (0. 05 mole) of anhydrous 
copper(!) bromide. After 30 minutes at refiux, the mixture was 
filtered and the solvent removed. Methanol (20 ml) was added, and 
after cooling the crystals which £ormed were filtered and dried under 
vacuum (1 mm) at 50°C for 3 hours. A total of 11.7 g (88%) of complex 
melting at 226-228°0 (lit.5 180-182) was collected. Analysis calculated 
£or (CH3o)3P-CuBr: C, 13.47; H, 3.36; P, 11.58; Br, 29.88. Found: 
C, 13.16; H, 3.47; P, 11.61; Br, 29.94. 
Trimethylphosphite Copper(!) Iodide 
A solution of 7. 20 g (0. 05 mole) o£ trimethylphosphi te in 50 m1 
o£ dry benzene was stirred as 9.55 g (0.05 mole) of copper(!) iodide 
was added.. The mixture was heated for 30 minutes, then filtered hot 
to leave 0.1 g o:f uncomplexed salt. The benzem was removed to give 
an oil with some suspended solid in it. Upon addition o:f methanol, 
the oil solidified. After cooling, the solid was :filtered off, washed 
several times with cold methanol, then dried under a 1 mm vacuum at 
0 0 8 50 C for 3 hours. The yield of material melting at 192-193 C (lit. 
192-193) was 14.1 g (84%). 
Trimethylphosphite Copper(!) Cyanide 
A solution of 7.20 g (0.05 mole) of dry trimethylphosphite in 
50 m1 of dry benzene was stirred as 4. 48 g (0. 05 mole) of copper(!) 
cyanide was added. The salt was completely dissolved after stirring 
at room temperature for 30 minutes. The material obtained upon re-
moval of the solvent failed to crystalize during the usual work up 
and could not be induced to do so. All solvent was removed by brief, 
room temperature vacuum distillation; the oily complex was used 
without fUrther purification. The yield was 10.9 g (8Q%). 
Trimethy-lphosphite Copper(!) Thiocyanate 
The complex was prepared by method A described above for the 
copper(!) chloride complex. 0 The yield of white solid, m.p. 151-153 c, 
was 11.2 g (82%). Analysis calculated for (CH3o)3P-CuSCN: c, 19.55; 
H, 3-70; P, 12.63; S, 13.04; N, 5.10. Found: C, 19.54; H, 3.87; 
P1 12.72; S, 13.04; N, 5.80. 
Trimetgylphosphite Copper(!) Fluoroborate 
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In 50 m1 o£ dry benzene 1.24 g (0.01 mole) of trimethylphosphite 
and 4.29 g (0.01 mole) of copper(I) tluoroborate-tritoluene (generously 
supplied by an anonymous donor in the Central Research Laboratory, 
Monsanto Co.) were mi.Dd and stirred briefly at room temperature. The 
benzene was removed to give a slightly blue colored oil. Due to the 
instability of' the £luoroborate salt, no e££ort was made to crystalize 
or otherwise puri£.y the complex. 
Bis-(Trimetgylphosphite) Copper(I) Iodide 
A solution o£ 2.48 g (0.02 mole) o£ trimet~lphosphite in 20 m1 
o£ dry benzene was stirred as 1.90 g (0.01 mole) o£ copper(I) iodide 
was added. After 30 minutes at reflux, the solution was filtered, the 
solvent removed in vacuo, and methanol added. Af'ter cooling, the 
crystals which formed were collected and dried in the usual way. A 
total of 4.00 g (91%} of white crystals melting at 69-70°C (lit.5 69-
70) was collected. 
Tris-(Trimetgylphosphite Copper(I) Iodide 
A 3.72 g (0.03 mole) sample of trimetqylphosphite and 1.90 g 
(0.01 mole) o£ copper(I) iodide were allowed to react as described 
above £or the 2:1 complex. Af'ter removal of' the benzene, an oil re-
mained which did not solidi£.1 upon addition of 20 ml of methanol. 
0 The complex did crystalize after standing overnight at 0 C. The 
white solid was filtered, washed several times with cold methanol and 
0 dried under vacuum (1 mm) at 50 C for 3 hours. The yield was 4.72 g 
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(84%) of material melting at ll8-119.5°C. AnalYsis calculated for 
((CH3o)3~ 3·Cui: C, 19.2; H, 4.80; I, 22.6; P, 16.5; Cu, ll.3. Found: 
C, 19.05; H, 4.80; I, 22.70; P, 16.40; Cu, 11.46. 
Tripheoylphosphite Copper(I) Bromide 
A solution of 3.10 g (0.01 mole) of tripheoylphosphite in 20 m1 
of dry benzene was stirred as 1.44 g {0.01 mole) of copper{I) bromide 
was added. The mixture was stirred until all the salt dissolved~ (one 
hour). The benzene was removed and 15 ml of ether added (addition of 
methanol immediately gave the odor of trimet~lphosphite) to dissolve 
the resulting oil. A seed crystal was obtained on a porous plate and 
added to the cooled ether solution. The crystals which formed were 
collected and dried to give 3.20 g (91%) of material melting at 91-
9200 (lit.5,9 90.5-91.5). 
Tripheny;lphosphite Copper(I) Iodide 
A mixture of 6.20 g (0.02 mole) of triphenylphosphite and 3.82 g 
(0.02 mole) of copper(I) iodide in 50 ml of dry benzene was heated at 
reflux for 30 minutes. The mixture was filtered to give 1.91 g (50%) 
of unreacted copper salt. The solvent was removed and the resulting 
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oil taken up in 20 ml. of ether. The crystals which formed were collected 
and dried to yield 7.91 g (98%) of material melting at 73-75°0. This 
is the melting point reported5 for the bis-complex. No further effort 
was made to prepare the mono complex. 
Triczclohexzlphosphite Copper{!) Bromide 
A solution of 15.0 g (0.15 mole) of freshly distilled cyclohexanol 
in 100 ml of dry toluene was cooled to -10°0, and 7.18 g (0.05 mole) of 
copper(I) bromide was added. With stirring, 13.6 g (0.05 mole) of 
phosphorous tribromi.de was added at a rate designed to maintain the 
temperature below -5°0. When the addition was complete, the mixture 
was allowed to wam to room temperature and stirred an additional 20 
minutes. Cold pentane was added to decrease the solubility; the solid 
was filtered oft and washed se'98ral times lri.tb pentane. A dam was 
p1aoed on the .tl.~ter and tbe •terial evacuated tor one hour to remove 
pentane and hydrogen bromide. The solid was then dried in a 35oc 
vacuum. oven at lmm.. The complex did not melt but decomposed at 6o0 c. 
It also decomposed upon standing at room temperature overnight. 
Triisopropylphosphite Copper(!) Iodide 
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The reaction was carried out exactly as described for the trimethyl-
phosphite catalyst. After removal of tbe benzene, 20 m1 of isopropanol 
was added and the mixture cooled. The white solid was filtered ott and 
dried under vacuum (1 11811) at 50°C for 2 hours. The yield of material 
melting at 199.5-200°C (~it. 6 199-200) vas 16.2 g (90%). 
Oxidation of TrimetS[lphosfhite Copper(I) Iodide 
Method A. A mixtu.re of 4.5 g (0.014 mole) of trimeteylphosphite 
copper(I) iodide in 25 ml of benzene was warned to 50°C and 3.39 g 
(0. 014 mole) of benzoyl peroxide was added over a 2 hour period in 
small portions. During the addition tbe solution became a deep blue 
color, but never completely homogeneous. The mixture was cooled and the 
solid filtered off and dried under vacuum at 50°C for 2 hours. The 
blue solid melted at 190-205°C. 
Method B. A solution of 3.6o g (0.025 mole) of trimethylpbospbite 
in 50 m1 of dry benzene was treated with 4.77 g (0.025 mole) of copper(I) 
iodide as described earlier. The bot solution of the complex was 
'ilnzoodiately treated with 4.05 g (0.025 :mole) of benzoyl peroxide in 
small portions over a period of 2 hours. Late in the addition a solid 
formed. A.tter all of the peroxide bad been added, the mixture was 
cooled and the blue solid filtered oft. The solid melted at 243-249°C. 
A part of the material was transferred to a soxlex extractor and 
extracted for 24 hours with hexane. After drying, the sample melted 
0 
at 258-262 C. Elemental analysis of the extracted solid showed the 
absence of phosphorus and iodine. The infrared spectrum was similar 
but not identical to that of copper(II) benzoate. 
Oxidation of Copper(!) Iodide 
A 4.77 g (0.025 mole) sample of copper(!) iodide was placed in 
50 ml of dry benzene at 50°C and 4. 05 g (0. 025 mole) of benzoyl per-
oxide ad_ded in Sli'IB11 portions over a 2 hour period. The solvent 
i.nuoediate1y as~d tbe characteristic color of iodine. When the 
addition was complete, tbe solid tbat bad :formed vas filtered off and 
washed free of iodine with cool benzene. The solid melted at 279-
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281 °C. Its infrared spectrum (KBr) vas very similar to that of 
copper(II) benzoate. The reported melting point of copper(!!) benzoate 
is 280-282°c.10 
The solid was insoluble in most organic solvents, but a small 
amount was dissolved in refiuxi.ng tetratzydrotu.ran. After crystal-
lization the material was brilliant blue in color and melted at 285-
2860c. Ana17sis of this material indicated complexation of the salt 
with tetrabydro.tu.ran. Analysis calculated for C:J.4H10<\Cu•C4H8~: 
C, 54.92; H, 4.57. Found: C, 55.89; H, 4.57. 
REACTIONS INVOLVING DIA.ZOMA.LONIC ESTERS 
Tetramethoxycarboqyletgylene 
A solution of 0.5 g (2.20 mmole) of trimethylphosphite copper(I) 
chloride in 50 ml of benzene vas heated at reflux while a solution of 
15.8 g (0.1 mole) of dimethyl diazomalonate in 50 ml of benzene was 
added at the rate of 6 drops per minute. Nitrogen evolution stopped 
within 4 hours after the addition of diazo compound was completed. 
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The mixture vas filtered, the benzene removed, and the solid taken up 
in hot methanol. After three recrystallizations from methanol; the 
white needles melted at 119-120°0 (lit.11 119-120). The infrared 
spectrum (KBr) showed bands at 2940 and 2680 cm-l (v, C-H), 1725 ~-l 
(s, c-o) and 1645 ~-l (v, C•C). The n. m. r. spectrum (0014) showed 
a sharp singlet at '7"6.13 as the only peak. The yield was 10.1 g (77%). 
1,1,2,2-Tetramethoxycarbony1ethane 
A solution of 19.8 g (0.15 mole) of dimethyl malonate and 32 mg 
(0.14 mmole) of trimethylphosphite copper(I) chloride in 50 m1 of 
benzene was heated at reflux while a solution of 15.8 g (0.1 mole) of 
dimethyl diazomalonate in 50 ml of benzene was added at the rate of 6 
drops per minute. When nitrogen evolution ceased (about 6 hours), the 
mixture was filtered, the benzene removed, and the resulting oil taken 
up in methanol. On cooling, a solid was deposited which, after three 
recrystallizations £rom methanol, was pure white and melted at 136-
13700 (lit.12 135). The infrared spectrum (CHC13 ) showed bands at 
-1 -1 ( ) 2960 em (w, 0-H) and 1725 em s, 0•0 • The n. m. r. spectrum 
showed a s'LqJ...,t at 'To.22. ~) and'T5.83 (2H). On the basis or the 
above <lata,. the ~4 ,_. assigned tbe atructure 1,1,2,2-tetra-
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methoxycarbonylethane. The yield was 14 g (53%). 
Addition of Dimethyl Diazomalonate to qyclohexene 
A 20 mg sample of trimet~lphosphite copper(I) chloride (0.14 mmole) 
was dissolved in 2.5 mJ.. of cyclohexene and the solution heated to reflux. 
A solution of 3.16 g (0.02 mole) of dimet~l diazomalonate in 2.5 ml 
of the same olefin was added at the rate of 6 drops per minute from 
a constant rate dropping .funnel. Arter an additional 12 hours at 
reflux temperature, the excess olefin was removed. G.c. analysis was 
performed using a .5'xi" SE-30 column under the following conditions: 
column temperature, 160°0; injector and detector temperature, 210°0; 
helium flow rate, 30 ml per minute. The residue showed the presence 
of four compounds. Comparison of g. c. retention times showed the 
rna j or component to be 7, 7 -dimetho:x;ycarbonylnorcarane. Two of the 
other compounds were identified by the same method, as tetrametho~­
carbonylet~lene and 1,1,2,2-tetramethoxyoarbonylethane. The fourth 
component was identified as dimethyl (3-c;rclohexenyl)malonate (II) by 
independent s.ynthesis and comparison of g.c. retention times. 
Synthesis of Dimetgyl (3-0yclohexegrl)malonate 
13 A solution of 16.1 g (0.1 mole) of 3-bromocyclohexene, 13.2 g 
(0.1 mole) of dimethyl malonate and 5.4 g (0.1 mole) of sodium math-
oxide in 200 m1. of an~drous methanol was heated at 60°0 for 12 hours. 
The solvent was removed to leave a mixture of salt (sodium bromide) 
and an oil. The oil was taken up in ether, the solution filtered and 
the ether removed. The slightly colored residue was distilled to give 
22. 0 g of colorle sa ot1 com1ng over at 68-n °0/0. 01 mm. The n. m. r. 
spectl"\UD. Ceo14) shctwed a Dl1ilti.pl.et centered atT4 • .34 (2H, viny-l), a 
sharp singlet at T6.30 (6H, COOMe), a doublet centered at 7'6. 77(1H, 
malonyl), a nru.ltiplet centered atr7.17 (lH, substituted allylic 
position) and a broad multiplet centered at'T8.34 (6H, ring protons). 
The infrared spectrum (neat) showed two carbo~l bands, 1725 and 
1750 cm-l and a band at 1645 cm-1 (w, 0=0). The material was assigned 
structure II. 
Addition of Dimethyl Diazomalonate to 1-Metbylcyclohexene 
A solution of 32 mg (0.14 mmole) of trimethylphosphite copper(!) 
chloride in 100 ml of 1-methylcyclohexene was heated at reflux while 
a solution of 31.6 g (0.2 mole) of dimethyl diazomalonate in 100 ml 
of the olefin was added at the rate of 6 drops per minute using a 
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constant rate dropping funnel. When the addition was complete, reflux 
was continued for 12 hours. After removal of the excess olefin, the 
residue was distilled at 70-90°0/0.01 mm. On redistillation, 34.0 g 
of colorless oil was collected between 58-60°0/0.01 mm. G.c. analysis 
of the material showed the presence of four compounds and the n. m. r. 
spectrum showed vinyllic character, although elemental analysis was 
correct for o12Hl804. Analysis calculated for 012H18D4: C, 63.71; 
H, 8.01. Found for the mixture: 0, 63.63; H, 8.00. 
Relatively pure samples of each component were collected by pre-
parative g.c. using a 20'x3/8" carbowax 20M column operating at 180°0. 
Fraction A. This compound reacted rapidly with bromine in carbon 
tetrachloride and with potassium permanganate. Its n. m. r. spectrum 
(ccl4) showed a broad mu.l.tiplet centered at'T4.50 (lH, vinyl}, a sharp 
singlet atT6.)2 (6H, CO<JMit), a broad multiplet centered atT6.92 
(l.H, malo!V'l), a broad URdetiued multiplet centered at "1'8.17 and over-
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lapping another multiplet centered atr9.00 (lOH total, ring and cH3 
protons). The infrared spectrum (neat) showed two carbo~l bands, 
1725 and 1730 cm-1 , and a band at 1605 cmt1 (w, c-c). Analysis found: 
C, 63. L.2; H, 7. 86. The compound was assigned the structure IV on the 
basis o£ the n. m. r. spectrum. 
Fraction B. This compound required several minutes to show a~ 
reaction with bromine and with permanganate. The n. m. r. spectrum 
(CCl.4) shelled a sharp singlet at 7'6.32 (6H- COOHa)- and two broad 
overlapping .mu1 tiplets between7' 7. 59- 9. 00 including a sharp singlet 
at 7" 8. 77. The total area between T 7. 59- 9. 00 was 12H. The infrared 
spectrum (neat) showed a single carbo~l band at 1720 cm-1 and a band 
at 3050 cm-1 (w, cyclopropyl. C-H). Analysis found: c, 63.20; H, 1.90. 
The compound was assigned structure III. ~onolysis of the original 
reaction mixture fUrther confirmed the assignment. 
Fraction c. This material rapidly discolored both bromine in 
carbon tetrachloride and per.manganate. The n. m. r. spectrum (CC14) 
showed a singlet at7'4.54 (2H1 vinyl), a singlet at 7'6.30 (6H, COOMe), 
a singlet at 7'6. 67 (lH, malo~l) and two broad overlapping mu.ltiplets 
betweenT7.84 andT8.911 including singlets at T8.45, T8.65, and T8.8o. 
The total area in the T 7. 84- 8. 91 region was 9H. The infrared spectrum 
-1 (neat) showed the split carbonyl, 1725 and 1730 em and a band at 
1625 cm-l (w, C•C). Analysis :round: c, 61.73J H, 7.73· The compound 
was assigned structure V on the basis o£ the n. m. r. spectrum. 
Fraction n. This material discolored both bromine and permanganate 
rapidJ.T. ~. n. m.. r. spectrum (CC14 ) showed a broad multiplet centered 
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at r 4. 79 (lH, vinyl), a singlet at T6. 32 ( 6H, COOMe), a doublet 
centered atT6.92 (lH, malo~l, J•8cps), a broad multiplet centered 
atr7.17 (IH, substituted allYlic position), and a broad multiplet 
centered atT8.34 (9H, methyl and ring protons). The infrared spect-
rum (neat) showed carbonyl bands at 1735 and 1750 cm-1 and a band at 
1635 cm-l (w, C=C). Analysis found: c, 63.67; H, 8.03. The compound 
was assigned structure VI on the basis of the n. m. r. spectrum. 
Addition of Dtmetby1 Diazomalonate to 1,2-Dimethzlczclohexene 
A 16 mg (0.07 mmole) sample of trimethylphosphite copper(!) 
chloride was added to So ml of' 1,2-dimethylcyolohexene and the solution 
heated to. reflux. A solution of' 15.8 g (0.1 mole) of' dimthyl diazo-
malonate in 50 m1 of' the same olefin was added at the rate of' 6 drops 
per minute using a constant rate dropping .f'unnel. At the end of the 
addition, reflux was continued for a total of 24 hours. The excess ole-
fin was removed and the resulting oil distilled to give colorless 
oil distilling over at 70-80°0/0.01 mm. G.c. analYsis of' the material 
revealed the presence of two compounds and the n. m. r. spectrum 
showed vinyl character. Analysis calculated for ~3H2o04: C, 65.01; 
H, 8.34. Found (for the mixture): C, 65.02; H, 8.30. 
Relatively pure samples of each component were obtained by pre-
parative g.c. using a 20'x3/8" Carbowax 20M column operating at 180°C. 
Fraction A. The material of shortest retention time rapidly 
discolored bromine in carbon tetrachl.oride and aqueous permanganate. 
Its n. m. r. spectrum (0014) showed a mul.tiplet centered at T 4. 60 (1H, 
vitl1'1), a c:loub:Let oeatered at T6.37 (6H, COOKe, J•8cps), a singlet at 
T6.So (lH, MlOJlTl.), a aiqlet atr9.17 {.3H, :metb.Tl) and a broad 
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multiplet betweenT7.67 and7"9.00 from which a singlet rises at1"8.44. 
The total area under the multiplet was 9H. The infrared spectrum 
(neat) showed two carbonyl bands~ 1730 and 1745 cm-1 and a band at 
-1 
1630 em (w, O=C). Analysis fOQnd: o, 64.35; H~ 8.14. The material 
was assigned structure VIII on the basis of the n. m. r. spectrum. 
Fraction B. The second fraction decolorized bromine and perman-
ganate solution also. Tbe n. m. r. spectrum (0014) showed a doublet 
centered at T6 • .34 (6H, OOOMe), a singlet at 16.50 (1H, ma1oey1) and 
a broad lllll1tiplet between T7 •. 75 and T9.00 (1.3H, methyls and ring pro-
tons) including a sharp sincJ..et at T 8. 40. The infrared spectrum (neat) 
r! -1 
showed a doublet in the carbo~l region, 172~ and 1745 em and a 
band at 16.30 cm-1 (w, 0•0). Analysis .f'ou.nd: 0 1 64.11, H, 8.05. This 
material was assigned the structure VII on the basis of the n. m. r. 
spectrum. 
Addition o.f' Dimetgyl Diazo~lonate to Qlcloheptene 
A solution of 45 mg (6.14 mmole) of trimethylphosphite to copper(I) 
iodide in 25 ml of c;rcloheptene (which had been distilled from sodium) 
was heated at re.f'lux while a solution of ,3.16 g (0.02 mole) of the 
diazo compound in 25 m1 of the olefin was added at the rate of 6 drops 
per minute from a constant rate dropping funnel. After 24 hours at 
reflux, the excess ole.f'in was removed, the residue taken up in methanol, 
and filtered. G.c. analysis showed the presence of only one compound 
in addition to starting olefin. The methanol solution was cooled and 
the resul.ting solid re~qstallized twice to give ,3.62 g (80%) of 
material malting at 61.-62°0. !l'he infrared spectrum showed strong 
carbon;yl. a'bsorption at 1720 ca1 • The n. -.. r. spectrum (0014) showed 
a doublet centered at T6.29 (6H, COO~, J=8cps) and an unresolved 
Imlltiplet betweenT7.67 and'T9.00 (12H, ring protons). Analysis cal-
culated for ~2H13~: c, 63.70; H, 7.96. Found: c, 63.09J H, 7.67. 
A. Spang reported difficulty with this analysis due to sublimation. 
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On the basis of the above date, the compound was assigned the structure 
8, 8-di:metho:xycarbonyl bicyclo [? .1. o] octane. 
Addition of Dimethyl Diazomalonate to gro1ooctene 
The reaction was performed as described for cyclobeptene, except 
on a 0.05 mole scale. G.c. analysis ot the crude reaction mixture 
showed only one new product. After removal of the excess olefin by 
distillation, the residue was taken up in methanol and allcwed to 
crystalize. Two recr,rstallizations from methanol gave 11.6 g (78%) 
of White solid melting at 68-69°0. Tbe infrared spectrum (CHC13 ) 
-1 showed strong carbonyl absorption at 1715 em. • The n. m. r. speetrwn 
(CC14) showed a singlet at T6.29 (6H, COOJI!t) and unresolved absorption 
between T 7. 67 and r9. 00 (14H, ring protons). Anal..7sis calculated for 
C1JH2o04: c, 65.00J H, 8.33. Found: C, 65.00J H, 8.)7. On the basis 
of the above date, the compound was assigned the structure 9 1 9-di-
meth~arbonyl bicyclo(6.1.0] nonane. 
Addition of Dimethyl Diazomalonate to 3-Metbylcr?lohexene 
The reaction was carried out exactly as described for the addition 
to cyeloheptene. G .. c. analysis of the crude reaction mixture showed 
a major couaponent (85.5%), 6.42% dimer and 8.02% of :material asSUl'IWild 
to be irt.sertion products. After removal of tbe excess olefin, the 
residual. oil. was distil.led, the fraction between 72-7~0/0.0l mm 
being collected. The infrared spectrwa (neat) showed strong carbonyl 
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absorption at 1720 cm-l The n. m. r. spectrum (0014) showed a doublet 
centered at 16.29 (6H, COO~, J=2cps) and unresolved absorption between 
77.67 and7'9.17 (12 H, ring and Me protons) including a broad singlet 
at7'8.44. Analysis caleulated :for C12H1804: C, 63.70; H, 7.96. Found: 
c, 63.80; H, 7.96. On the basis o:f the above data, the compound was 
assigned the structure 7,7-dimethoxycarbo~l-3-met~lnorcarane. Two 
of the insertion products showed identical g.c. retention times as 
two products from addition of the carbene to 1-metbTlcyclohexene. 
Addition o:f DimetSzl Diazomalonate to 315,5-Trtmetgrlcyclohexene 
The addition was carried out as previously described in the case 
o:t cycloheptene. A g. c. analysis of the crude product indicated a 
major component (91. 70%), 8.30% o:t material asS'UDled to be insertion 
products and the absence of any dimer. Distillation gave a water 
white liquid boiling at 83-89°0/0.01 mm. The n. m. r. spectrum showed 
a sharp doublet centered at "T6.29 (6H, COOKe, J•2cps) and unresolved 
absorption betwsen 7'6.91 and"T9.91 (16H, ring and M! protons). The 
-1 infrared spectrum showed carbo~l absorption at 1720 em • Analysis 
calculated for C14H22~: c, 65.87; H, 8.65. Found: C, 65.92; H, 8.59. 
On the basis of the above date, the compound was assigned the structure 
7, 7-dimeth<>XJ1C8rbocyl-3,5;·5-tr1metb71norcarane. 
Addition o:f Dimethyl Diazomalonate to Biczc19[2.2.il hepta-2,5-diene 
The reaction was carried out in the usual manner. G.c. analysis 
of the crude reaction mtxture showed it to consist of 70% dimer and 
15% each o:t tbe two other products, assumed to be the endo and exo 
cyclopropane a. 
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Addition of Dimethzl Diazomalonate to 1,3-Qlclooctadiene 
The addition was carried out as described for the addition of 
cycloheptene. After removal of the excess diene by distillation, g.c. 
analysis of the crude reaction mixture showed only one peak of high 
retention time. The residue was taken up in 20 m1 of methanol and 
cooled. The crystals which formed were recr,ystallized three times 
from methanol to give 10.8 g of white solid melting at 59-60°C. The 
n. m. r. spectrum (CC14) showed a singlet at7"4.37 (2H), a doublet 
centered at 16.82 (6H, J=3cps), and unresolved absorPtion betweenT7.J7 
andT9.10. Anal.y'sis calculated for C13H1804: C, 65.60; R, 7.56. 
Found: c, 65.33; H, 7.61. The above data did not distinguish between 
a 1,2- or 1,4-cyolo addition product. 
Hydrogenation of Add~ from 1,3-Qlclooctadiene 
A 5.0 g sampl~ of the msterial, obtained from addition of dimethyl 
diazomalonate to 1,3-c~looctadiene, vas taken up in 100 m1 of ethanol 
and hydrogenated at atoillSpheric pressure using a Joshel type hydro-
genation apparat'U.S using 5% Rh on alumina (1.20 g) as catalyst. The 
hydrogenation stopped ~ben one mole of hydrogen had been consumed. 
The catalyst was remo?ed, the solution concentrated to about 20 ~ 
and the material allo~d to crystallize. After rec~stallization from 
ethanol, the hydrogenation product was shown to be identical to the 
product obtained by addition of the carbene to cyclooctene by com-
parison of m.p., infrared, and n. m. r. On the basis of the abo?e data, 
the carbene addition product was assigped the structure 9,9-dimethoxy-
carboeyl bioyolo (6.1.0] nona-3-eoe. 
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Addition of Dimet~l Diazomalonate to 1,2,3,4-Tetrametgylbenzene 
The addition was carried out exactly as described for olefins. 
After removal of the excess aromatic hydrocarbon, g.c. analysis showed 
the presence of 10 products. The oily residue was taken up in 20 m1 
of methanol and cooled. The crystals which formed were recrystallized 
three times from methanol. The g.c. trace of the pure product corres-
ponded to one of the peaks of the g.c. taken of the crude material and 
accounted for 30% of the total yield. The n. m. r. spectrum of the 
white solid showed a singlet at T 3.10 (1H1 aromatic), a singlet at 
7"5.23 (lH, malonyl), a singlet at T6.28 (6H., COOOH3 ) and an unsymmetri-
cal doublet at'T7.77 (12H, Me). Analysis calculated for c15H20~: c, 
68.23; H., 7.57. Found: C, 65.14; H., 7.21. A. Spang reported diffi-
culty in this analysis due to sublimation. The solid melted at 94-96°C. 
The mass spectrum had a parent ion at 204 A. M. U. On the basis of the 
above data the compound was assigned the stru~ture dimethyl 2,3,4,5-
tetramet~lphenylmalonate. 
Preparation of 1-Met9yl-7,7-dicarbomethoxyuorcarane 
A solution of 96 mg (0.42 mmole) of trimethylphosphite copper(I) 
chloride in 300 ml of 1-methylcyclohe.xene was heated to reflux in a 
3-necked flask. With stirring, a solution of 158.2 g (1.0 mole) of 
dimet~l diazomalonate in 300 m1 of the olefin was added at the rate of 
6 drops per minute .from a constant rate dropping funnel. When the 
addition was complete, reflux was continued overnight. The excess 
olefin was removed and tbe resul.ting oil taken up in 600 m1 of ethyl 
acetate. The sol.ution was cooled in a dq i~-acetone bath and excess 
ozone (W'elsl:Nicb. pnerator) blll\lbl.ed through. WbUe still cold., 300 m1 of 
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acetic acid, 3 ml o:f concentrated hydrochloric acid and 100 m1. of\3%) 
'/ 
hydrogen peroxide was added. This solution was allowed to warm, stand 
at room temperature :for 24 hours, and was then poured into ice and 
neutralized with potassium hydroxide solution. After removal of the 
organic layer, the aqueous layer was extracted twice with 100 m1. of 
ether. The combined organic layers were washed twice with 50 m1 of 
water, twice with sodium bicarbonate solution (10%), again with water, 
and :finally with 100 ml of saturated sodium chloride solution. After 
drying over sodium sulfate and removal of the solvents, the oil was 
distilled to give a water clear liquid boiling between 48-115°0/0.01 mm. 
On redistillation, the material distilled at 53-55°0/0.01 mm to give 
100 g (43%) of the product. This material showed one peak in the g.c. 
The n. m. r. spectrum (CCl4) showed a sharp ainglet at 7'6.34 (6H, 
COOOH3 ) and a singlet at T8.80 (CH3 ). The ring protons appeared as 
two overlapping multiplets between 'T7.37 and'T9.14 (12H). The infrared 
spectrum {neat) showed bands at 1725 cm-l {s, C•O) and 3050 cm-l {w, 
cyclopropyl C-H). Analysis calculated for c12H1a'\: C, 63. 71; H, 8. 01. 
Found: c, 63.57; H, B.oo. 
Preparation of 7,7-Di-t-butQXl!arbonzlnorcarane 
A solution of 16 g (0.07 mmole) of trimetby"lphosphite copper(I) 
chloride in 50 m1 of oyclobexene was heated to renui, and a solution 
of 24.2 g {0.1 mole) of di-t-butyl diazomalonate in 50 ml of cyclo-
hexene was dropped in at the rate of 6 drops per minute from a constant 
rate dropping .tunnel. .After oompl.etion of the addition, reflux was 
contin.ued owrnight. J.tter reJilOTSl o:t the excess ole:tin, the oil 
was taken up in 20 mJ. o:r· ethaJlOl and cooled. The crystals which formed 
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were recrystallized three times from ethanol and dried. The yield of 
white solid melting at 82.5-83°C was 10.0 g (35%). The n. m. r. 
spectrum (CC14) showed a doublet centered atr 8.54. The ring protons 
appeared as two broad, overlapping peaks between r7 .54 and r9.00. The 
infrared spectrwn(KBr) showed bands at 1710 cm-1 (s, C•O) and at 3050 
em-a. (w, cyclopropyl C-H). Analysis calculated for C1fi28o4: c, 68.94; 
H, 9. 45. Found: C, 68. 82; H, 9. 49. On the basis of the above data, 
the material was assigned the structure 7,7-di-t-butoxycarbo~lnorcarane. 
Preparation of 1-Methyl-7,7-di-t-buto!lCarbosrlnorcarane 
A solution of 6~. mg (0.28 mmole) of trimeth71phosphite copper(I) 
chloride in 300 m1 of 1-:met~lcy-clohexsne was heated to reflux. With 
stirring, a solution of 121.0 g (0.5 mole) of di-t-butyl diazomalonate 
in 300 m1 o:f the same olefin was added at the rate o:f 6 drops per 
minute using a constant rate dropping funnel. A.fter the addition was 
complete, reflux was continued overnight. Upon removal of the excess 
ole:fin, the residue was taken up in 1200 m1 o:f methanol and treated 
with excess ozone while cooled in a dr.y ice-acetone bath. While still 
cold, 50 m1 o:f dimethyl su1£1de14 was added to the solution. With out 
removing :from the cooling bath, the solution was allowed to warm to 
room temperature. After three hours at room temperature, the solvent 
was removed, the residue taken up in 500 m1 of 10% potassium hydroxide, 
15 
and 50 m1 o:f 40% hydrogen peroxide added. This solution vas allowed 
to stand at room temperature for 18 hours, then extracted three times 
vi.th ether. The ether solution was washed twice with water, once with 
saturated sodi'Wil chl.ori~ sol.ution, then dried over anhydrous sodiwn 
su.J...:rate. Aft4ltr x-eDlOYal. of t)le solvent, the oU was distill.ed, the main 
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fraction coming over at 73-75°0/0.0l mm. On standing at room tempera-
ture, the colorless liquid partially solidified. The n. m. r. spectrum 
(0014) showed a sharp singlet atr8.55 (COotBu) and a singlet at'T8.85 
(CH3). The ring protons appeared as two broad overlapping peaks 
between,..7.45 and'T8.90. The infrared spectrum showed bands at 
1710 am-1 (s, C•O) and 3050 cm-1 (w, cyeloprop,yl C-H). Analysis 
calculated for ~aH30~: c, 69.62; H, 9.67; M.W., 310. Found: 
O, 69.24J H, 9.85; M.W., 319. on the basis of the above data, the 
compound was assigned the structure l-metbyl-7,7-di-t-butoxyoarboqyl-
norcarane. The yield was 31 g. (20%). 
Preparation of Tetra-t-butoxzcarbogrletgylene 
A solution of 0.5 g of trimet~lphosphite copper(I) chloride in 
50 ml of benzene was heated at reflux while a solution of 24. 2 g 
(0.1 mole) of di-t-butyl diazomalonate in 50 ml of benzene was added 
at the rate of 6 drops per mlnute from a constant rate dropping funnel. 
Reflux. was continued until nitrogen evolution ceased {about 3 hours). 
After filtering, the solvent was removed and the residual oil taken 
up in 20 m1 of ethanol. On cooling, a solid was formed which recr,ystal-
lized three times fro.m ethanol to give 6.5 g of white cr,rstals melting 
0 -1 
at 169-170 c. The in.t"rared spectrum (KBr) showed banda at 2980 em 
(m) and 2940 cm-l (w, 0-H), 1740 and 1730 cm-1 {s, C•O), and 1640 cm-l 
(w, C•C). The n. m. r. spectrum (DCC13 ) showed a singlet at 7"8.47 as 
the only peak. Analy-sis calculated for c22H36oa: c, 61. 68; H, 8. 40; 
M.w., 428. Found: c, 61.64J H, 8.53J M.W., (Chlorofor.m) 428. On 
the basis o£ tbe abave data, the coDJ:pound was assigned tbe structure 
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Addition o£ Dimethyl Diazomalonate to Cis-2-heptene 
The addition was carried out as previously described for cyclo-
heptene using 96% pure ~-2-heptene. G.c. analysis of the crude mix-
ture showed a major component, 95.6%, 3.36% carbene dimer and 0.52% 
each o£ two other compounds. The excess olefin was removed and the 
residue distilled, the fraction coming over at 6o-63°C/0.05 mm being 
collected. The n. m. r. spectrum (0014) of the colorless oil showed 
a singlet at 7'6.30 (6H, COOMe) and an unresolved mul.tiplet between 
T8.05 and T9.22 (14H). Analysis calculated for c12H2o04: c, 63.15; 
H, 8.77. Fbund: c, 63.13; H, 8.62. The compound was tentatively 
assigned the structure of the ~-cyclopropyl adduct. 
Addition of Dtmetgrl Diazomalonate to Trans-2-heptene 
The diazo compound was added to 99% pure trans-2-heptene in the 
:manner previously described £or cycloheptene. G.c. analysis of the 
crude reaction mixture sboved·a ~jor component, 76.0%, 17.4% carbene 
dimer and tvo unresolved components accounting for 6.60% o:t the mixture. 
These last two products disappeared from the g.c. trace upon the 
addition o£ bromine to the reaction mixture and are, there:tore, in-
sertion products and not the !:!!-cyclopropane. Arter removal of the 
excess olefin, the residue vas distilled to give a colorless oil 
distilling over at 58-60°0/0.05 mm. G.c. analysis of the distillate 
showed it to be pure and to be different from the adduct obtained from 
addition to the cis olefin. The n. m. r. spectrum (cc14) vas similar 
to tbat of the ~ adduct for the shape and positions of the individual 
peaks in tbe 1"8.05-'1"9.22 multiplet. Analysis calculated :tor C12H2o04: 
c, 63.l5J H, 8. 77. Fow:&d: C, 63.00J H, 8. 71. on the basis of the 
g.c. and n. m. r. data, the cyclopropanes derived from the 2-heptenes 




The effect of several catalysts on the addition of dimethyl diazo-
malonate to ole.fins (mainly cyclohexene and 1-methylcyclohexene) was 
studied with respect to the .following variables: catalyst concentration, 
solvent, temperature, additives and peroxide content o.f the olefin. 
These data are presented in the following tables. 
In all cases, the reactions were carried out as described below. 
0 All glassware was baked out overnight at 200 c, and assembled while 
hot. Olefins were distilled and stored over 4-A molecular sieves 
unless otherwise stated. Dimethyl diazomalonate was distilled to 
99.9% purity as shown by n. m. r. 
General Procedure. A 100 ml three-neck, round-bottom .flask was 
equiped with a magnetic stirrer, reflux condenser, calcium chloride 
drying tube, and a constant rate dropping fUnnel. The catalyst was 
weighed in a glassine cup, carefully transferred to the flask and 25 ml 
o.f olefin added. The mixture was heated to the desired temperature 
with stirring. The diazo compound (0.02 mole) was dissolved in a 
second 25 ml portion o.f olefin, and added to the heated catalyst solution 
at the rate of six drops per minute (2.5 hours). Reaction was con-
tinued .for a total of 24 hours. The reaction mixture was .filtered 
while hot and excess ole.fin (or solvent) removed by distillation. The 
residue vas taken up in the minimum amount of chloroform, l rnl of 
triglyme was added (volumetric pipet) as an internal standard, and 
the mixture analyzed by glpc. Relative peak intensities were deter-
mined using a Bee~n 10-inch ball and disc intergrating recorder. 
The n'Ull'ibers in all tables represent percent yields based on available 
diazo compound. The numbers in parenthesis are product distributions 
based on cyclopropane. 
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TABLE I 
EFFECT OF CATALYST UPON YIELD IN THE REACTION OF DD1ETHYL DIAZOMA.LONATE WITH CYCLOHEXENES 
Cyc1ohexene 
Catalyst r~ -- ... TI IX 
Cu 38.0 1.71 8.05 
CuCl 42.8 2.16 6.36 
CuSD4 45.3 2.08 9.07 
(CB:30 )3P-CuC1 63.7 4.67 18.4 
(CH30)3P-Cui 73.5 5.98 11.5 
Cu(AcAc)2 78.1 5.92 12.4 
1-MetQ11cyc1ohexene 
rrr - -TV ----v--~ ·vr ·IX 
22.9 1.23 4.13 18.5 5.64 
19.1 1.45 3.67 17.5 4.83 
24.8 2.49 6.07 24.0 7.36 
29.6 2.30 10.7 26.0 5.15 
1vi-Dimetqy1cyc1ohexene 
I vtrr tt 
27.5 7.88 16.6 
27.5 7.44 22.4 
16.0 5.55 21.9 


















PRODUCT DISTRIBUTION AND mLDS AS A FU:t«}TION OF (CH30)JP-CuCl (M!:THOO A) CONCENTRATION 
IN THE REACTIOH OF DIMETHYL DIAZ OMALONA.TE WITH CYCL<HEXENE 
I IX II 
36.21(1.00) 2.40(0.066) 3.19(0.089) 
40.24(1.00) 6.13(0.152) 3.60(0.092) 
43.67(1.00) 7.56(0.17)) 4.47(0.092) 
67.44(1.00) 4.65(0.068) 5.36(0.086) 
68.21(1.00) 8.42(0.123) 5.49(0.092) 
46.08(1.00) 6.95(0.151) 4.16(0.091) 
49.85(1.00) 9.10(0.183) 4.80(0.096) 
62.55 (1. 00) 15.87(0.254) 6.16(0.099) 
22.14(1. 00) 31. 96(1. 44) 2.50(0.ll0) 
1. 59(1.00) 40.88(5.39) 1. 39(0.184) 

















PRODUCT DISTRIBUTION AND YIELDS AS A FUNCTION OF (0H30)3P-cuC1 (METHOD B) CONCENTRATION 


















4.3. 76(1. 00) 
.35.18(1. 00) 
6.3.92(1.00) 
61. 77(1. 00) 
.33.81(1.00) 
11.58 (1. 00) 





9 • .38(0.~.31) 3.19(0.078) 
5.67(0.1.30) ,3.14(0. 072) 
9.55(0. 271) 2.68(0.076) 
1.3.25(0.207) 4.69(0.074) 
21.55 (0 • .349) 5 • .32(0.086) 
.32 • .33(0.956) 2 • .3.3(0.069) 
19.07(1.65) 0.92(0.079) 
41.25(5.59) 5.30(0.718) 


















PRODUCTION DISTRIBUTION AND mLDS AS A FUNCTION OF (CH3o)3P-CuC1 (M!:THOD C) COHJENTRA.TION 




o .. ooss 




























43.11 (1. 02) 2.83(0.o68) 
66.15{4.06) 1.42(0.o87) 
64.41{4.78) 1.26(0.094) 
































PROlJOCT DlSTRIBJTIOH AS A FUICTION OF (CH30)3P-M CQHCEMTRA.TIOI IN THE REACTION 
OF DDETHIL DIAZ OMA.LOHATE WITH CICLOHl«EEE 
I n II 
10.98(LOO) 3.91(0.356) 1. 43 (0.130) 
20.08(1.00) 4.58(0.228) 1.30(0.065) 
22. 74(1.00) 4.82(0.212) 2.54(0.112) 
43.76(1.00) 5.26(0.120) 3.65(0.083) 
55.77{1.00) 7. 43{0.133) 4.72(0.085) 
73.53(1.00) 11.52(0.157) 5.98(0.081) 
69.24(1.00) 16.35(0.236) 6.99(0.101) 
58.52(1.00) 14.99(0.256) 4.49(0.071) 
55.77(1.00) 29.23(0.524) 5.32(0.095) 
so. 62 (1. 00) 28.49(0.563) 3.64(0.072) 































PRODUCT DISTRIBJTIOH AND mLDS AS A FUNCTIO:N OF((CHJO}J~ 2-0ui CONCENTRATION OF THE 
REACTION OF DDETHIL DIAZ OMA.LatD.TE WITH . CYCLooru:IE 
I n n 
6.21(1.00) 3.74(0.6o2) 0.90(0.145) 
6.02(1.00) 5.14(0.854) 0.91(0.1.$1) 
5.36(1.00) 6. 76(1.26) 0.94(0.176) 
4.69(1.00) 5.02(1.07) 0.41(0.088) 
2.78(1.00) 2.01(0.723) 1.39(0.500) 
65.60(1.00) 19.20(0.292) 6..$8{0.100) 
56.71(1.00) 20.96(0.365) 5.10(0.090) 
56.63(1.00) 34.31(0.606) 5.49(0.097) 
50.36(1.00) 28.61(0.568) 4.49(0.089) 
34.31(1.00) 17.59(0.512) 3.34(0.100) 































PRODUCT DISTRIBOTIO:tl AHD UEL.DS AS A FlJli}TION OF (<CHJO}J~ 3-Cui CO:NCENTRATION OF THE 
REACTICil CIF DIMETHIL DIAZ OKALONATE WITH CYCL<HEXERE 
I IX II 
?.25(1.00) 7.33(1.01) 6.61(0.910) 
15.87(1.00) 3.73(0.235) 1.06(0.068) 
22.31(1.00) ').85(0.172) 1.51(0.068) 
22.05(1.00) 4.19(0.190) 3.43(0.155) 
so. 02 (1. 00) 5.15(0.103) 4.86(0.097) 
63.49(1.00) 11. 22(0.177) 6.52(0.103) 
54.91(1.00) 23.41(0.426) 6.61(0.120) 
57. 92 (1. 00) 31.71(0.547) 4.78(0.082) 
33.98(1.00) 23.78(0.700) 2.15(0.063) 
9. 61(1.00) 39.64(4.124) 6.18(0.642) 






























PRODUCT DISTRIBUTION AND YIELDS AS A FUNCTION OF Cu(AcAc )2 CONCENTRATION OF THE REACTION OF DDETHYL DIAZ OMALONATE WITH CYCLOHEIENE 
I II II 
6.55(1.00) 0.51(0.078) 0,87(0.134) . 
6.86(1.00) 0.62(0.090) 0.86(0.125) 
51. 48 (1. 00) 7.16(0.139) 4.63(0.090) 
40.76(1.00) 3.10(0.076) 5.58(0.137) 
71. 47(1. 00) 7.93(0.lll) 6.19(0.067) 
78.08(1.00) 12.39(0.1$8} 5.92(0.076) 
69.24(1.00) 19.57(0.283) 6.44(0.093) 
55.43 (1.00) 34.44(0.621) 5.00(0.090) 
48.65 (1. 00) 20.93(0.430) 7.52(0.154) 
42.04(1.00) 6.87(0.163) 4.76(0.ll3) 































PRODUCT DISTRIBUTION AND YIELDS AS A FUNCTION OF (i-Pro-O)JP-CuC1 CONCENTRATION IN 
THE REACTION OF DDETHIL DIAZOMALOIATE WITH CYCLOHEXENE 
I n II 
18. 70(1.00) 1.61(0.086) 1.89(0.102) 
30. 55 (1. 00) 4.71(0.154) 2.49(0.081) 
30. 20(1.00) 4.71(0.156) 2.06(0.067) 
42. 90(1.00) 5.08(0.118) 3.26(0.080) 
~.8. 82 (1. 00) 5.33(0.124) 3.43(0.072) 
61.52 (1. 00) ll.77(0.191) 4.72(0.077) 
58. 26(1.00) 7.18(0.123) 4.12 (0. 082) 
66. 5o (1. oo) 8.92(0.134) 5.40(0.084) 
51. 31 (1. 00) 14.37(0.280) 3.86(0.076) 
16.90 (1. 00) 28. 74(1. 70) 1.80(0.115) 































PRODUCT DISTRIBUTION AND mLDS IN THE REACTION OF DIJ.ETHYL DIAZ OMALONATE WITH 
1-MET.HYLCYCLOHEXENE USING (CH3o)3P-CuC1 AS CA.T.AL!ST AT 110°0 
III IV v 
21.53 (1. 00) 1.51(0.070) 7. 78(0. 361) 
23.07 (1. 00) 1.68(0.073) 6.72(0.378) 
22.34(1.00) 1.63(0.073) 8.45 (0.378) 
21.80(1.00) 1. 68(0. 077) 8.05(0.369) 
23.21(1.00) 1.80(0.077) 8.)8(0.361) 
20.39(1.00) 1.45(0.071) 7 .11(0.349) 
20.12(1.00) 1.54(0.077) 7.98(0.396) 
19.38 (1. 00) 1.49(0.077) 7.44(0.384) 
18.51(1.00) 0.01(0.055) 7.63(0.358) 
8. 72(1.00) 0.40(0.046) 3.76(0.431) 











































PRODUCT DISTRIBUTION AND mLDS AS A EVNCTION OF (<HJO}JP-CuCl C<JONTRATION IN THE 
REACTION DIMETHYL DIAZOMALONATE WITH 1-:ft:THILCYCLOOEXENE AT 85°C 
Total Total m IV v VI IX Insertion Product 
8.65(1.00) 0.62(0.072) 1. 46(0.169) 1. OS (o.122) 2.70(0.312) 3.13 14.48 
7.24(1.00) 0.63(0.087) 0.79(0.109) 1.26(0.174) 2.32(0.320) 2.68 12.24 
4.39(1.00) 1.01(0.230) 1.47(0.334) 1.01(0.230) 4.76(0.230) 3.49 12.64 
9.99(1.00) 0.58(0.057) 2.89(0.290) 6.98(0.693) 3.20(0.320) 10.45 23.64 
6.20{1.00) 0.17{0.027) l.ll(0.179) 2.85(0.458) 1.24(0.200) 4.13 11.57 
9.59(1.00) o.oo 2.52(0.262) 9. 86(1.03) 1.55(0.162) 12.38 23.52 
18.04(1.00) 1.03(0 .. 057) 5.16(0.286) 19. 72(1.09) 8.56(0.474) 25.91 52.51 
9.32(1.00) 0.49(0.052) 2.11(0.224) 9.46(1.01) 2.29(0.246) 12.06 23.67 
10. 66(1. ()()) 1.56(0.146) 2.56(0.240) 14.76(1.38) 15. 24(1. 43) 18.88 44.78 
6.71(1.00) 0.00 2.58(0.385) 8.25(1.23) 22.17(3.30) 11.10 39.98 




















12. 74(1. 00) 
13.08 (1. 00) 
ll. 74 (1. 00) 
24. 62(1. 00) 
ll. 34 (1. 00) 
10. 73 (1. 00) 
23. 34(1. 00) 
18.58(1.00) 
1). 41(1. 00) 















v VI n Insertion Product 
0.94(0.074) 6.14(0.480) 6.09(0.478) 7.29 26.12 
0.98(0.075) 6.17(0.518) 6.40(0.489) 7.98 27.46 
1.01(0.086) 3.35(0.286) 3.10(0.264) 4.70 19.54 
1. 62 (0. 066) 27.84(1.13) 7.99(0.324) 30.54 63.15 
1.56(0.137) 6.20(0.546) 3.91(0.345) 8.21 23.46 
2.45(0.228) 5.59(0.521) 4.39(0.409) 8.95 24.07 
1.50(0.064) 26.16 (1.12) 13.87(0.594) 28.41 65.62 
1.56(0.084) 21. 53 (1.16) 24.28(1.31) 23.93 66.79 
0.83(0.061) 14. 49(1.08) 39.14(2.92) 15.84 68.39 
1. 79(0.178) 12. 27(1.22) 44.47(4.42) 14.62 69.15 






EFFECT OF ANION UPON PRODUCT DISTRIEUTION AND YIELDS IN THE REACTION 
OF CYCLOHEXE:NE WITH DIMETHYL DIAZ OMALONATE 
0.14 mm.ole 
(CH3o)3P-CuX I n II 
X= BF4 * 59.55 (l. 00) 7.25(0.122) 8.09(0.136) 
I 74.23 (l. 00) 12.88(0.174) 7.42(0.101) 
Br 68.64(1.00) 15.11(0.220) 6.68(0.097) 
Cl 63.92 (l. 00) 13.25(0.207) 4.69(0.074) 
SON 28.31 (l. 00) 1.31(0.046) l. 82(0.064) 
CN 41.53(1.00) 0.81(0.020) 0.94(0.023) 
*Concentration less than 0.14 mmo1e due to decomposition during transfer. 
TABLE XIV 
EF,FECT OF COMMON ION ON Tim :R:mA.CTION OF CYCLCHEXEHE WITH 
PIMETHIL DIAZ 0!1ALOlfATE 
Catalyst Salt I IX II 
(CH3o)3P-Cui none 74.23 (1. 00) 12.88(0.174) 7. 42 (
0.101) 
( c~ o) 3P-cui (CH3 \NI 3.33 (1. 00) o.oo 7. 0
8(2.12) 
(CH3 o)3P-cui (CH3)4NBF4 63.66(1.00) 11.36(0.178) 
5.00(0.078) 
(CH3o)3P-CuC1 none 63.92(1.00) 13.25(0.207) 
4.69(0.074) 
(CH3o)3P-CuCl (CH3 )4NC1 8.58(1.00) 1.57(0.183) 
o.oo 
(CH3o)3P-CuC1 (C~)4NBF4 49.33 (1. 00) 5.26(0.107) 4.08(0.083) 
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TABLE XV 
SOLVENT EFFECTS IN THE REACTION OF DIMETHYL DIAZOMALONATE WITH 
CYCLOHEXENE USING (CH30)3P-CuC1(0.14 mrno1e) AS CATALYST 
Solvent (90%) I IX II 
Cyc1ohexene 63.92 (1. 00) 13.25(0.207) 4.69(0.074) 
~;-.,. 
Cyc1ohexene 31. 23 (1. 00) 52.52 (1. 681) 3.90(0.125) 
Benzene 57.91(:1:.00) 39.64(0.684) 3.34(0.058) 
Hexaf1uorobenzene 81. 00 (1. 00) 15.86(0.196) 4.24(0.052) 
Carbon tetrachloride 28.31(1.00) 5. 71(0.202) 31. 66 (1.13 ) 
Dimethoxyethane o.oo o.oo o.oo 
TABLE XVI 
EFFECT OF ADDITIVES UPON YIELDS AND PRODUCT DISTRIBUTION IN THE 
REACTION OF CYCLCHEXENE WITH DIMETHYL DIAZ O.MALONATE USING 
(CHJO}JP-GuC1(0.14 mmole) AS CATALYST 
Additive 
(mmo1e) I IX II 
None 63.92 (1. 00) 13.25(0.207) 4.69(0.074) 
CuC1 3 3. ~.6 (1. 00) 33. 44(1.00) 2.29(0.071) 
(CH30hP 46.07(1.00) 21.18 (0. 460) 3.75(0.082) 
(CH30)3PO 68.13(1.00) 16.23(0.238) 5.92(0.087) 
(CH3o)2cH3Po 60.58(1.00) 19.20(0.316) 5.08(0.084) 
((CH3)2~ 3P 49.94 (1. 00) 24.28(0.486) 4.61(0.092) 
Rca3)2~ 3Po 45.82(1.00) 17.34(0.378) 3.72(0.081) 
CuC12 55.00(1.00) 17.96(0.326) 5 • .34(0.097) 
(CH30)2HPO 59.54(1.00) 25.14(0.422) 4.48(0.077) 
TABLE XVI! 































67 .35(1. 00) 
9.44(1.00) 
B. Commercial cyclohexene filtered through alumina. 
C. Condition B, then benzoyl peroxide (0.07 mmole) added. 



































EFFECT O.F BENZOYL mROXIDE8 Oil THE REACTION OF DI:rt:THIL DIAZOMA.LONAT.E WITH CICLOHEXENE 
































a Olefine were filtered through alumina and benzoyl peroxide added to give a 1 : 1 mixture of benzoyl 
radicals and catalyst. 1-' 1\) 
\0 
TAmE III 
lmCT OF PREOX:ll>:rlED CATALYST UPON THE REACTION OF DDITH!L DIAZOMALC!lA.TE WITH CYCLCJIEIEHEa 
Catalyst 
















75.68 (1. 00) 13.00(0.173) 
69.67(1.00) 9. 91 (0.142) 
67.35(1.00) 4.04(0.059) 
68.49 (1. 00) 9.36(0.137) 
79. 96(1.00) 10.73(0.134) 
aAll samples of cyclohexene were treated with alumina immediately before use. 
b!ddition ot dimet~l diazomalonate carried out in the presence ot 0.1 g of p-dinitrobenzene. 












EFFECT OF MISCELIANEaJS CATALYSTS OH THE REACTION OF DDETHYL DIAZOJ.PJ.OHAT.E WITH CYCLOHEXENEa 
Catalyst 
((CH30)3~ 2Cui 65. 81 (1. 00) 
Ec~o )3~ 3Cui 63.49(1.00) 
(Ph0)3P-cuBr 72.93(1.00) 
AgBF4 19. 73(1.00) 
(QH)2CuBr4 c 7.25(1.00) 
(QH)2euo\c 11.50(1.00) 
(CH30) P-Zni 3. 77(1.00) 
3 2 
c~8<\Cu·~Ob 75.08(1.00) 
ain all cases, 0.14 mmole of catalyst was used. 
b 







2. 72 (0. 723) 
3.86(0.051) 
cQH represents quinuclidium. These compounds were generously supplied by Richard Dickenson. 
6.58(0.100) 









Equimolar amounts o.f cyclohexene and 1-methylcyclohe:x:ene were 
mixed and treated with dimethyl diazomalonate in the usual way using 
(CH3o)3P-Cui as catalyst. The resulting product distribution is 
shown in Table XXI. 
TABLE XXI 
PRODUCT DISTRIBUTION FROM THE REACTION OF DDETHYL DIAZOMALONATE 
WITH EQUIMOLAR AMOONTS OF CYCLOHEXENE AND 1-METHILCYCLOHEXENE 








The addition o.f dimethyl diazomalonate to an equimolar mixture o.f 
~- and trans-2-beptene was carried out in the usual way using 
(CHJ0)3P-Cui as catalyst. G.c. analysis o.f the reaction mixture showed 
5.20 parts o.f the ~-cyclopropane to 1.00 part o.f the trans adduct. 
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Interupted Reactions 
A solution of O.l~ mmole of (CH3o)3P·Cui was dissolved in 25 ml of 
refluxing cyclohexene and a solution of 0.316 g (2.0 mmole) of dimethyl 
diazomalonate in 2.5 ml of cyclohexene (10% of a normal run) was added 
in the usual way. The reaction was repeated at 30% of a normal run. 
The yields and product distribution from these reactions are shown in 
the following table. 
TABLE XXII 
EFFECT OF AMOUNT OF AVAILABLE DIMETHYL DIAZOMA.LONATE ON ITS REACTION 
WITH CYCLOHEXENE UNDER OPTIMJM CONDITIONS USING (CH3o)3P-Cui 
Conditions I IX II 
10% Usual Reaction 0.15(1.00) o.oo 0.270(0.515) 
Expected Yields for 10%* 7. 35(1.00) l.l5 (0.157) 0.598(0.081) 
30% Usual Reaction 12.10(1. 00) 2.10(0.174) 1.36 (0.113) 
Expected Yields .for 30%* 22.05 (1. 00) 3. 4.5 (0.157) 1. 79 (0.081) 
Expected Yields .for 20%* 14. 70 (1. 00) 2.30(0.157) 1.20 (0. 081) 
* Expected yields based on optimized yield using (CH3o)3P·cur 
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STEREOCHEMICAL STUDIES 
Reaction o:f Ethyl Diazoacetate with Cyclohexene 
Cyclohexene was treated with ethyl diazoacetate (0.02 mole) under 
conditions described earlier for dimethyl diazomalonate. The ~' 
~' and ~ trimethylphosphite complexes o:f copper(I) iodide were 
used as catalysts. The resulting yields and product distributions 
are shown in the :following table and are relative to an internal 
standard. 
TABLE XXIII 
PRODUCT DISTRIBUTION IN THE REACTION OF CYCLOHEXENE WITH 
ETHYL DIA.ZOA.CETATE USING ((cH3o)31j n·Cui AS CATALYST 
Catalyst Norcarane Dimer 
(mmole) n exo endo ratio cis trans 
0.140 l 7.80 0.65 12.0 0.088 0.123 
5.00 l 2.91 Ll6 2.51 0.218 0.710 
0.14.0 2 7.87 0.684 11.5 0.100 0.150 
5.00 2 0.965 0.946 1.02 0.077 0.254 
0.140 3 8.05 0.533 15.1 0.067 O.lll 
5.00 3 0.333 0.832 0.40 o.oo 0.00 
Stereospeci:fity Stugy 







under a variety of conditions. In all cases, a small portion of the 
reaction mixture vas treated with bromine-carbon tetrachloride solution 
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in order to distinguish insertion products from cyclopropyl products. 
The ~ olefin was 96% pure and the trans isomer 99% pure. The 
results of this study are shown in the table below in terms of per 
cent yield based on consumed diazo compound. 
TABLE XXIV 
PRODUCTS AND YIELDS FROM THE REACTIOX OF DIJETmL 
DIA.ZO:MALOHATE WITH 2-HEPTENES 
(CH~O)J!;,CuX Temp. Cyclopropyl (0. 4 1e) Isomer oc Cis Trans Insertion 
X•I Cis 98 95.6 Trace 0.52 
I CiS· 85 92.1 Trace 3.30 
Br Cis 85 87.6 Trace 7.08 
C1 Cis 85 81.3 Trace 12.8 
I Trans 98 o.oo 76.0 6.60 
I Trans 85 o.oo 69.8 18.6 
Br Trans 85 0.00 72.5 18.4 











INVESTIGATION OF P<ESIBLE INTERMEDIATES 
Preparation of Dimetgyl Mesoxalate Trietgylphosphorazine 
Dimet~l mesoxalate triethylphosphorazine was prepared by the 
16 
method of Poshkus and Herweh. A solution of 83.0 g (0.5 mole) of 
triethylphosphite in 200 ml of pentane was stirred at room tempera
ture 
while 79. 0 g (0. 5 mole) of dimethyl diazomalonate in 200 m1 of pentane 
was added over 2 hours. During the addition, the temperature rose
 
to 34°0 and a pentane oil formed. The yellow oil was removed and 
washed :five times with pentane. An attempt to distill a portion o
:r 
the material ended in its rapid decomposition at a pot temperature
 of 
35-40°0. The pentane was removed under vacuum without heat and the
 
phosphorazine used without fUrther purification. The n. m. r. spe
ctrum 
( 0014 ) shololed a pentuplet centered at 7" 5. 75 ( 6H~ methylene)~ a
 singlet 
at 7"6.22 (6H~ COOMe)~ a triplet centered at T8.62 (9H~ Me), and a 
small amount o:r impurity (mostly' pentane). The compound was assigned 
the structure dimethTl mesaxalate triethylphosphorazine. 
Preparation of Dimetho!l0arbogrlmetgrlenetripbenz1phosphorane 
Dimethoxycarbo~lmethylenetripbe~lphosphorane was prepared by a 
modified procedure based on the method of Horner and Oediger.
17 A 
solution of 131 g (0.5 mole) of triphenylphosphine in 1400 ml of dry 
benzene was cooled to 10°0. With stirring~ a solution of 25.8 ml 
(0. 5 mole) of bromine in 50 ml. of carbon tetrachloride was added over 
2 hours. When tbe addition was complete~ a solution of 121.4 g (1.2 
mole) of triet~lamine and 66.0 g (0.5 mole) of dimethyl malonate 
in 400 J11 ot benzene was added all at once. The solution was heated 
at refl.ux for 10 Jliuv.tea tben alloved to cool. The solid which formed 
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(triethylamine hydrobromide) was removed by filtration and the solvent 
removed by distillation to leave a red oil. The oil solidified upon 
the addition of pentane. The solid was filtered, dissolved in cycle-
hexane, treated with activated charcoal, then allowed to crystallize. 
After two recrystallizations, 156 g (80%) of light yellow crystals 
melting at 142-143°0 were collected. The infrared spectrum (KBr) 
-l l 
showed bands at 1195 em (s, P=C) and 1640 em- (m, C=O). The 
spectrum was almost identical to that reported for diethoxycarbonyl-
methylenetriphenylphosphorane.18 The n. m. r. spectrum (Cocl3 ) showed 
a doublet centered at 'T 6. 20 ( 6H, COOMe) and a multiplet centered at 
;2.50 (l5H, aromatic). 
Decomposition of Dimetgyl Mesozalate Trietgrlphosphorazine 
A 5. 54 g (0. 02 mole) sample of dimethy-l mesoxalate triethylphos-
phorazine was decomposed to cyclohexene as previously described for 
dimethyl diazomalonate. Trimethylphosphite copper(I) chloride (0.14 m-
mole) was used as catalyst. During the addition, a dark insoluble 
oil forned. Both the oil and the cycl.obexene 1ayer were analyzed by 
g.c. None of the normal carbene addition products were present in 
either phase of the reaction mixture. 
The procedure was repeated using copper(I) chloride as catalyst. 
Again, no recognizabl-e products were formed. 
Decomposition of Dimethoxycarbogylmetgyl.enetriphenylphosphorane 
The decomposition vas carried out as described above for dimethyl 
mesoxalate triethyl.phosphorazine using both complexed and uncompl.exed 
copper(I) chloride. G.o. analysis of the reaction mixture showed the 
absence of all. the products typical of the carbene additions. 
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BA.SE CATALIZED REACTIONS 
Reaction of 7,7-Dimethoxyzarbonylnorcarane with Potassium t-Butoxide 
A solution of 21.2 g (0.10 mole) of 7,7-dimethoxycarbonylnorcarane 
and 1.12 g (0.1 mole) of potassiUlll t-buto.xide in 400 m1. of dry t-butyl 
alcohol was warmed to about 40°C under nitrogen. G.c. analysis of the 
reaction mixture after 12 hours showed 20% starting material and 80% 
of a new compound. Longer reaction time and the addition of more base 
failed to increase the amount of conversion. The solution was di-
luted with 200 :ml of water and neutralized with dilute hydrochloric 
acid. After removal of the alcohol, the organic layer was removed and 
the aqueous layer extracted three times with 50 ml. of ether. The 
combined organic layers were eashed with 25 m1 of water and 25 m1 of 
saturated sodium chloride solution and dried over anhydrous sodium 
sulfate. After removal of the ether, the oil was distilled to give 
only one component, boiling at 76-78°C/0.05 mm. The unreacted ester 
sublimed directlY into the cold trap during the distillation. A sample 
of the oil was cr,ystallized from methanol to furnish crystals, m.p. 
39.5-40.5°C. The n. m. r. spectrum (CCl4) showed a singlet at T6.27 
(3H, COOMe ), and unresolved absorption between T7 .84 and T9.10 (19H) 
including a sharp singlet at T8.6o(approximately 9H, CootBu). Analysis 
calculated for ~4H22o4: C, 66.14; H, 8.66. Found: C, 66.30; H, 8.65. 
On the basis of the above data and the known chemistry of the system, 
the compound was tentatively assigned the structure 7-exo-t-butoxy-
carboeyl-7 -endo-methoJC;YCarboeyl.norcarane. Tbi s was shown conclusively 
by the followi.p.s structure proof. 
Tb.e t-lr\lt7l. ester was eleayed by the method used by Fonken and 
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Johnson19 to prepare substituted malonic esters. A 2.54 g (0.01 mole) 
sample of the mixed ester and 5 mg of anQydrous p-toluenesulfonic acid21 
in dry toluene (25 ml) were heated at reflux. A gas was evolved which 
rapidly decolorized a carbon tetrachloride solution of bromine (iso-
butylene). When no more gas was given off, the solution was concen-
trated to 5 ml and cooled. The crystals which formed were collected 
and dried. A total of 1.90 g of white solid melting at 112-114°0 was 
collected. The melting point was not raised by recrystallization from 
methanol. The n. m. r. spectrum showed a singlet at 'T-1.53 (lH, corn), 
a singlet at 16.24 (3H, COOMe), and broad overlapping multiplets centered 
at 18.09 and 18.80 (total lOH, ring protons). Analysis calculated for 
~oH14~: C, 60.61; H, 7.07. Found: c, 60.75; H, 7.17. The compound 
was tentatively assigned the structure 7-endo-metho;,cycarbonyl-7-exo-
carbo:x;ynorcarane. The yield based on that structure was 97%. 
A 2.0 g sample of 7-endo-methoxycarbonyl-7-exo-carboxynorcar-3-ene 
21 (prepared by known methods and generously supplied by Brad McGiboney) 
was taken up in 200 ml of ethanol, 1.00 g of 5% Rh on alumina added, 
and the material hydrogenated in a Josbel atmospheric hydrogenation 
apparatus until one mole of hydrogen had been consumed. The catalyst 
was removed by filtering, and the solution concentrated to 10 ml and 
the acid allowed to crystallize. The solid was collected, dried, and 
shown by m.p., n. m. r., and infrared to be identical to the acid 
formed by cleavage of the t-butyl ester above. 
Reaction of 7,7-Dimethasrcarbo9llnorcarane with Potassium Qranide 
A solution ot 5.3 g (0.025 mole) of 7,7-dimethoxycarbonylnorcarane 
and 3. 25 g (0. 05 mole) ot potassium cyanide in 75 m1. of dry dimetb.yli'orm-
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amide was heated at reflux for 12 hours, by which time a solid had 
formed. G.c. analysis of the supernatnt liquid showed none of the 
starting diester. The solvent was removed under vacuum, the solid 
suspended in ether, .filtered and washed several times with ether. The 
combined ether solutions were washed with water, saturated sodium 
chloride solution and dried over anhydrous sodium sulf'a te. Removal 
of the ether gave 1.5 g (34%) of an oil which was identified as exo-
and endo-7-methoxycarbo~lnorcarane (9:1) by comparison of their g.c. 
retention times to those of authentic samples. 
The solid portion of the reaction mixture was dissolved in 25 m1 
of water and neutralized (hood) with concentrated hydrochloric acid. 
The aqueous solution was extracted three times with chloroform. The 
chloroform solutions were combined and concentrated to leave a white 
solid, which after three recrystallizations from chloroform, melted 
at 186-188°C. The compound was identified as 7,7-norcaranedicarboxy-
late by m.p., mixed m.p. and infrared comparison to authentic material. 
the yield was 65%. The reported m.p. of the diacid is 186-188°c. 21 
General Procedure for Attempted Base Catatyzed Ring gpenings 
Solutions of 0.01 mole each of 7,7-dimethoxycarbonylnorcarane, 
base, and nuoleophile in various solvents were heated at reflux under 
nitrogen. Periodically, samples were removed from the reaction mixture, 
dissolved in water and neutralized with dilute hydrochloric acid. The 
solutions were extracted with ether, the ether solutions concentrated 
and the samples analyzed by g.c. All attempted reactions were heated at 
reflux for a miniawn of 48 hours. The results of this study are shown 
in Table rx.v. 
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TABLE XXV 
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din a11 cases, 1ack or aQT reaction was confirmed by recover,y of 90% or 
more or the 7,7-dimethoxycarbo~lnorcarane. 
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CHAPl'ER VI 
RESULTS AND DISCUSSION 
RESULTS AND DISCUSSION 
Several portions o£ this work have been discussed in det
ail in 
re£erences l-9 and in chapters l and 2 o£ this thesis. T
he subjects 




During the course of this study, a number o£ phosphite co
pper(I) 
complexes o£ the type (R0)3P n·uuX (R•alkyl or aryl, n=l, 2, or 3; 
and X=Cl-, Br-, r-, CN-, SCN-, and BF4-) were prepared and their 
e££icacy in carbenoid generation tested. Most o£ten, the
se complexes 
were prepared by the method introduced by ArbuzovlO,ll a
nd more 
recently used by Moser12 and Nishizawa.
13 In this procedure, the 
phosphite was mixed with the appropriate mole ratio o£ c
opper{!) salt 
in benzene, £ollowed by evaporation to dryness and recry
stallization 
o£ the complex £rom chloro£orm. A modi£ication o£ this 
process, made 
during this work, greatly simpli£ied the synthesis.
5 Thus, addition 
o£ an alcohol to the concentrated benzene solution (see above) causes
 
instant precipitation of the complex. Material obtained
 in this way 
is pure and need not be recrystallized. The alcohol to 
be used 
should correspond to the phosphite portion o£ the comple
x; and ali-
phatic alcohols should not be used with aryl phosphite c
omplexes, 
since rapid ester exchange occured under these condition
s. The use 
o£ chloroform as a recrystallization solvent should be a
voided. The 
complexes dissolved readily in this solvent, but an inso
luble material 
£ormed a£ter a few minutes. Halogenated hydrocarbons ar
e known to 
14 
react with phosphites. This reaction probably destroy
ed the com-
plexes, giving the .free copper salt. 
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Nishizawa13 reported his inability to prepare a ~(phosphite) 
copper(I) halide complex. The author did not specify the exact phos-
phite used in this attempt, however, most of his work centered around 
tri-iso-propyl- and triphenylphosphite. The present work has shown 
that ~(trimetnylphosphite) copper(I) iodide is easily prepared by 
the modified Arbuzov procedure. Nishizawa' s results might be explained 
in terms of steric considerations. However, triphenylphosphite formed 
both~ and ~complexes with copper(I) chloride and bromide, while 
only the ~ complex was obtained from the iodide salt irrespective of 
the mole ratio or reactants.lO,ll 
In a few cases, phosphite copper(I) complexes were prepared by 
the method of Beriger. 15 This procedure involved the addition of 
phosphorous trihalide to a mixture of copper salt and an alcohol in 
toluene and led to impure material. Beriger 1 s method is a potentially 
attractive route to complexes derived from phosphites which are not 
readi17 available. 
This author has shown that trialklphosphite copper(I) halide 
complexes can also be prepared by the action of a phosphite upon 
copper(IO salts. This procedure gives impure products and is inferior 
to our modification of the Arbuzov procedure. While this work was in 
l6 . t d d . . l d t. progress, carty and coworkers 1..n ro uce a s1..m1.. ar re uc 1..ve pro-
cedure for the synthesis of trialkylphosphine copper(I) complexes. 
The properties of trimethTlphosphite copper(I) chlorides obtained 
from the three defferent schemes discussed are of interest. The infra-
red spectra of the complexes from all three preparations are identical, 
although the p31 n. m. r. patterns and their melting points are 
distinctly dif'£erent. Whether this is a result of impurities, poly-
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morphism, aggragation, or some other factor is not known. 
Most of the trialkylphosphite copper(I) complexes used in this 
work were known to the literature. It should be noted, however, that 
almost all melting points reported in the older literaturelO,ll for 
these complexes were incorrect, several by as much as 40°C. Some of 
these discrepancies were noted earlier by Nishizawa.13 Table I com-
pares the melting points found during this work to those obtained by 
Arbuzov and Nishizawa. Low melting points appear to be due to impure 
TABLE I 
:MELTING POINTS OF TRIALKYLPHOOPHITE COPPER(I) HA.LDJES 
Complex Arbuzov Nishizawa This work 
( CH3 0) 3P· CuCl 190-2 229-30 
( CH 3 0 }JP• CuBr 180-2 226-28 
(CH3o)3P•Cui 175-7 193-5 
(iso-C3H70)3P•CuCl 112-14 117 117-118 
(iso-C3H7o)3P·Cui 184-5 199-200 199.5-200 
copper salts since freshly prepared copper(I) chloride routinely gave 
the higher melting complexes. 
Possible Phosphorus Intermediates 
The possible intermediacy of certain phosphorus compounds in the 
reactions of diazomalonate was studied. Compounds (1)17 and (2)18 
are known to .furnish products formally derivable .from typical carbene 




formation and no recognizable products when decomposed in cyclohexene. 
Copper Catabrsis 
'l'he nature of the active catal.y"st species in copper and copper 
salt diazo decompositions has been the subject of much discussion.19 
'l'wo groups have observed the reduction of' copper (II) chloride to 
copper (I) chloride b7 diazolll!thane and suggested the lower oxidation 
state was the actual catalyst. 20' 21 D'yakonov22 observed the formation 
o:t metall.ic copper :from copper (II) sul..fate during the decomposition 
of ethyl diazoacetate. Tbe results of this study, however, clearly 
indicated that copper(II) was either the actual catalyst or, at least, 
a far more active catalyst than either elemental copper or copper(I). 2 
'l'he oxidation of copper(o)23 and copper(I)24 by organic free 
radicals is well. known and invariably peroxide im;pu.ri.ties are present 
in olefins unless very special precautions are employed. This author 
has observed the oxidation of copper(!) iodide (both complexed and 
uncomplexed) by excess benzoyl peroxide. In the absence of an added 
radical source,- peroxide impurities in the olefin served to oxidize 
the copper(!) complex. This was conclusively demonstrated by the 
failure of ultra pure olefins to react in a normal manner with diazo-
malonates and copper(!) complexes. 
In the reaction of dimethyl diazomalonate with cyclohexene em-
ploying trimetbylphosphite copper(!) halide catalyst, it was never 
possibl.e to account for all the available diazo compound at the end 
of a reaction. Anal.ysi.s of the reaction mi..xture after 10% of the 
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diazomalonate has been added showed no recognizable products. After 
the first 10%, the reaction proceeded in a normal manner and after 30% 
reaction the product distribution was similar to those normally seen 
after allowing the reaction to go to completion. Thus, an initial pre-
reaction can be postulated involving oxidation of copper(I) to the 
active species after which the reaction proceeds to the usual product 
distribution. 
The oxidation step was also indicated by the e.ff"ects of" several 
additives. The addition of tri 'Nl.ent phosphorus compounds reduced the 
ef"ficacy of the copper phosphite cata~st but pentavalent phosphorus 
compounds did not. As trivalent phosphorus compounds are known to 
react with peroxides, 25 this would reduce the peroxide available to 
oxidize copper(I) and give a poorer reaction. Alternatively this 
effect can be reasonably attributed to phosphinazene formation. 
The oxidation of copper(I) iodide by excess benzoyl peroxide has 
been shown to liberate iodine. This was not the case with limited 
levels of peroxides or in the presence of phosphites. The oxidized 
catalyst must have contained a copper to halogen bond since a definite 
anion effect and a common ion effect were observed. 4 Therefore, a 
copper(II)-alk~halide (or anion) would appear to be the active 
species (Eq. 1). Copper (II) might have been the active catalyst in 
(R0)3P-cuX + R1 OOR1 ------::~~ R' 0-Cu-X 
EQUATION 1 
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almost all studies reported to date. Considering the very low catalyst 
concentration necessary for optimum results, most olefins probably 
contained sufficient peroxides to have generated the copper (II) ion. 
In the case of complex ions and copper(I) salts the presence of small 
amounts of copper(II) impurities would be expected except with copper 
iodide. 
12 MOser employed very pure olefins, but the actual catalyst used 
in his work was not established in view of' the present study. Without 
mentioning optimum catalyst concentrations, Moser employed almost 
twenty times the optinmm concentration o£ the copper (I) phosphite 
complexes employed in this study. Copper(I) may have served as a less 
active catalyst. On the other hand, low concentrations of copper(II) 
could have been generated by traces of air present, diazo compound, 
by radicals from phosphenazene decompositions, or impure complexes 
(MOser did not furnish physical constants for his copper(I) phosphite 
complexes and we found that the melting points are depressed by 
copper(II) impurities but the melting point ranges remained narrow). 
Structure Assignments 
The copper, copper salt, and copper complex catalyzed decompositions 
of diazo compounds normally do not yield C-H insertion products.
19 As 
reported earlier, 4 this work has shown C-H insertion to be a major side 
reaction when diazomalonates are employed. 
The insertion reaction of carbenes in general usually occur at 
the most acidic c-H bond, which, in the case of cyclohexene, is the 
allylic position. The decomposition of dimethyl diazomalonate in 
cyclohexene was shown by g.c. analysis to give three products: I, II 
and IX. Compounds I and IX were on hand in this laboratory and II 
was prepared by an independent synthesis. 
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The reactions involving substituted cyclohexenes are much more 
complex than those involving cyclohexene itself. Addition of the 
carbene to 1,2-dimethylcyclohexene was expected to yield three pro-
ducts derived from the olefin-- the norcarane, and insertion products 
from the two different allylic positions. G.c. analysis of the re-
action mixture showed only two materials of high retention times. 
Distillation of the reaction mixture failed to separate the two com-
ponents, but relatively pure samples of each were obtained by pre-
parative g .. c. The microanalysis of the distilled mixture were in 
excellant agreement for a one to one adduct of carbene on the olefin, a 
although the separated components had suffered some decomposition 
during partitioning and their analyses were somewhat less than perfect. 
Both components showed unsaturation to both bromine and permanganate. 
Both showed characteristic carbon-carbon double bond absorptions in 
the infrared. In addition, both showed two distinct carbonyl ab-
sorptions in the infrared. This feature appears to be characteristic 
of geminal diesters near a double bond. At this point, it appeared 
that the insertion products from the two different al~lic positions 
had been isolated. The n. m. r. spectrum of one of the compounds 
showed peaks characteristic of methyl esters (r6.34) and malonyl 
proton (T6.50). The shifts of vinyl methyl groups and the ring pro-
tons were changed very little from those of the starting olefin. 
Intergration of the n. m. r. signals correspond very well to the ratio 
calculated for coDipOU.Ild (VII). However, the n. m. r. spectrum of 
the second camp~meat cO\lld not ~ rationalised in terms of an exo-
cyclic insertion product. The n. m. r. spectrum distinctly' showed 
the presence of a vinyl proton ('T4. 60) and an aliphatic met~l group 
(T8.44). These features of the spectrum could only be explained on 
151 
the basis of a rearranged product. Indeed, integration of the n. m. r. 
spectrum gave the ratio calculated for (VIII). 
In the case of 1-methylcyolobexene, addition of the diazo compound 
was expected to give four products: cyclopropane and insertion pro-
ducts from the three different all.ylic positions. Analysis of the 
crude reaction mixture showed the presence of four components. Dis-
tillation of the crude mixture failed to separate the four compounds. 
HoweTer1 microana]Jsis was consistent with a one to one carbene-
olefin adduct. Relatively pure samples of each component were obtained 
by preparatiTe g.c. As in the case of 1 1 2-d:t.rrethylcyclohe.x.ene, the 
adducts suffered some decomposition during separation, as shown by 
microanalysis. one of the compounds was saturated to bromine and to 
permanganate and was not destroyed by ozonalysis of the crude mixture. 
The n. m. r. spectrum showed the absence of vinyl protons but did show 
an aliphatic methyl group (T8.47). This compound was assigned the 
cyclopropyl structure (III). 
The second fraction showed unsaturation to both bromine and 
permanganate. The infrared spectrum showed absorption due to c-c 
and two carbonyl bands. The n. m. r. pattern showed the presence of 
a Tinyl proton tr4. 79) and a vinyl methyl group ('T8.34). The split-
ting pattern of the n. m. r. peaks due to the Tinyl proton and the 
:malonyl proton was identical to that observed for compound (II). Thus, 
the compound vas assigned structure (VI). 
The third component was unsaturated and showed two carbo~l bands 
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in the infrared. The n. m. r. spectrum showed a highly split vii\Y
l 
proton and a doublet in the region of the_ malonyl proton. Integra
tion 
of the n. m. r. signals approximated the ratio calculated for struc
ture 
(IV). It should be pointed out that this was one of the least pure 
samples~ as shown by oarbon-hydrogen analysis. 
The fourth component was found to be unsaturated~ and showed two 
carbo~l bands in the infrared. The n. m. r. spectrum showed vinyl 
character Q"4.54) and an aliphatic meth,-1 group (TB.t6). Integration 
of the n. m. r. signals corresponded to structure (V). 
Chemical ertdence for the above structural assignments was also 
obtained. Thus~ addition of dimet~l diazamalonate to 3-met~lcyclo­
hexene resulted in the formation of small amounts of compounds V a
nd 
VI in addition to the cyclopropane. 
This observation nicely substantiates our earlier report that the 
dimetho:x;,ycarbocyl carbene is extremel,- selective and only inserts 
into 
the highest order C-H bond present. 
The frequently observed non-e qui valence of the infrared spectra 
of the malonyl carbonyl cbromophore is unusual. We suspect this i
s a 
conse.quence of overlap between C=C and'TT* orbitals with the n and
/or 
1f* orbitals in one carbonyl group. Such behavior is not observed w1 th 
malonic esters where the groups should be equivalent and no C=C bond 
is present. 
Interaction of Nucleophiles with 7,7-Dimethp~rbogrlnorcarane 
7,7-Dimetho~carbonylnorcarane was subjected to Michael-type 
reaction conditions using a wide variety of solvents, nucleophiles~ 
and teaperature conditions. The norcarane showed remarkable stab
ility 
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under such conditions, and no indications of a ring-opening reaction 
was observed. In most cases, 90% or more of the unchanged norcarane 
was recovered from the reaction mixtures. The resistance of the nor-
carane to these reaction conditions probably reflects a steric problem. 
The approach of the nucleophile is blocked on one side by the six-
membered ring and on the other side by the ester groups. For that 
season, several small nucleophiles were tried in addition to the 
synthetioally more desirable malonate. These efforts were also un-
successful. 
The steric problem is not insurmountable and there exists at 
least three possible solutions t~ the probaem. These possibilities 
are based on compounds (3), (4), and (5). The use of 7-endo~thoxy­
carbonylnorcarane {3) would essentially remove the steric factor to 
0 
li 0 CH3 ~=3 
o)( 
0 c~ COOOHJ 
(3) (4) (5) 
the approaching nucleophile. While the sacrifice of one ester function 
would make the Michael reaction electronically less feasable, the 
steric factor is probably more important. The isopropylidene (4) is 
electronically more attractive but does not offer complete freedom 
trom steric interference. Freezing the configuration of the cyclo-
ba:aae ring by the introduction of a double bond (5) might also 
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increase the likelyhood of attack on the cyclopropane. 
Although the attempted Michael reactions were unsuccessful in 
connection with the original s.ynthetic scheme, two interesting and 
useful reactions were discovered. One of these, the transesterification, 
was discussed previously. 6 The second involves hydrolysis of 7,7-di-
methoxycarbonylnorcarane by potassium cyanide in dimethylformamide. 
This reaction gave the corresponding diacid (6) along with the mono 
esters (7) and (8). 





The cleavage of the alkyl oxygen bond of methyl esters via nucleo-
philic displacement of carboxylate anion from the methyl group by 
lithium iodide in amines is well known. 26 In addition, Krapcho27 has 
reported that reaction of geminal diethyl esters with sodium cyanide 
28 
in dimethylsulfoxide gives the mono ester, and Johnson has reported 
BAL2 type cleavage of esters with lithium n-butyl sulfide. Krapcho•s 
yields were on the order of 80% bUt no mention was made of other 
products. Dolb,.-29 moc,ti.fied Krapobo' s method by substituting dimethyl-
formamide as solvent. 
No effort was made to elucidate the exact mechanism of the 
potassium cyanide hydrolysis. It appears to involve two compet
ing 
processes, possibly as represented in schemes (1) and (2). None of 
(6) 
)I Rene at 
Scheme 1 
H+ 
---->,. (7) + (8) + NCCOOO~ 
(10) 
Scheme 2 
the acid corresponding to (9) was isolated, indicating that the anion 
o£ (9) somehow facilitates the second step. The absence of the 
hydrocarbon (norcarane) indicates that scheme (2) is not repeated. 
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This may be due to consumption o:C all cyanide. Assuming its fo
rmation, 
ester (10) would be expected to react rapidly" with cyanide ion. This 
assumption accounts :Cor all the available cyanide. The possib
ility of 
(7) and (8) arising by decarboxylation of (9) would not account for 
the lack of norcarane formation. 
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The fate of the ester carbon was briefly pursued and it was 
observed that no acetonitrile was present at the end of the reaction. 
Treatment of acetonitrile under the reaction condition led to its 
consumption, presumably in a Thorpe condensation. Dolby3° also failed 
to find any nitrile at the end of his reactions. 
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-5.47 -4.71 -4.07 -3.35 -2.66 -1.97 -1.27 
-0.58 0.11 
ln (mmole catalyst) 
PRODUCT DISTRIBUTION AND YIELDS AS A FUNCTION OF Cu(AcAc)2 CONCENTRATION 















-5.47 -4.77 -4.07 -3.35 -2.66 -1.97 -1.27 -0.58 0.11 
ln (mmole catalyst) 
PRODUCT DISTRIBUTION AS A FUNCTION OF (CH30) 3P-Cui CONCENTRATION 











-5.47 -4.77 -4.07 -3.35 -2.66 -1.97 -1.27 -0.58 0.11 
ln (mmole catalyst) 
PRODUCT DISTRIBUTION AND YIELDS AS A FUNCTION OF [(CH30)3PJ2-Cui CONCENTRATION 







-5.47 -4.07 -3.35 -2.66 -1.97 -1.27 
ln (mmole catalyst) 
PRODUCT DISTRIBUTION AND YIELDS AS A FUNCTION OF [ (CHaO) 3Ph-Cui CONCENTRATION 











-5.47 -4.77 -4.07 -3.35 -2.66 -1.97 -1.27 -0.58
 0.11 0.81 1.50 
ln (mmole catalyst) 
PRODUCT DISTRIBUTION AND YIELDS AS A FUNCTION OF (1-Pro-0)3-P-CuCl CONCENTRATION 
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ln (mmole catalyst) 
PRODUCT DISTRIBUTION AND YIELDS AS A FUNCTION OF (CH30)3P-CuCl (METHOD A) 









-5.47 -4.77 -4.07 -3.35 -2.66 -1.97 -1.27 -0.58 0.11 0.81 
ln (mmole catalyst) 
PRODUCT DISTRIBUTION AND YIELDS AS A FUNCTION OF {CH3o) 3P-CuCl {METHOD B) 












-5.47 -4.77 -4.07 -3.35 -2.66 -1.97 -1.27 -0.58 
0.11 
ln (mmole catalyst) 
PRODUCT DISTRIBUTION AND YIELDS AS A FUNCTION OF (CH30) 3P-CuC1 (METHOD C) 
CONCENTRATION IN THE REACTION OF DIMETHYL DIAZOMALONATE WITH CYCLOHEXENE 
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PRODUCT DISTRIBUTION AND YIELDS IN THE REACTION OF DIMETHYL DIAZOMALONATE 














-5.47 -4.77 -4.07 -3.35 -2.66 -1.97 -1.27 -0.58 0.11 0.81 1.50 
1n (mmo1e catalyst) 
PRODUCT DISTRIBUTION AND YIELDS IN THE REACTION OF DIMETHYL DIAZOMALONATE WITH 1-METHYLCYCLOHEXENE 
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Preparation and Use of t-Butyl Esters: Selective Transesterification 
D. S. Wulfman*, and B. W. Peace 
Department of Chemistry 
University of Missouri-Rolla 
Rolla, Missouri 65401 
1 
Musso has reported that the room temperature hydrolysis of 
7,7-dicarboethoxy norcarane leads to the 7-exo-carboxy-7-endocarbo-
ethoxy norcarane in 73% yield. We have developed a two step proce-
dure which gives this transformation in almost quantitative yield. 
Thus, treatment of 7,7-dicarbomethoxy norcarane (1) with potassium 
t-butoxide in the presence of 4-A molecular sieves gives the mixed 
ester (2). In the absence of molecular sieves this reaction stops 
MeOOC MeOOC 
COO Me KO-t-Bu, t-BuOH COOtBu 
4A Molecular 
Sieves 
( 1) ( 2) 
MeOOC 
COOH 
Toluene > ( 2) To sOH 
( 3) 
at 80% conversion and cannot be forced to completion by excess base 
or longer reaction time. Instead of using molecular seives, the re-
action can be completed by removing the solvent and adding fresh t-butyl 
*To whom inquiries should be addressed 
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alcohol twice. Also, the reaction can be carried out with less than an 
equivalent of base but much longer reaction times are required. 
The conversion of (2) to (3) can be carried out without the actual 
distillation of the mixed ester. Both steps of this sequence were 
shown by g.c. analysis to be quantitative and clean. The yields given 
in the table reflect mechanical loss. 
The structure of the products were established by n.m.r., IR and 
C-H analysis. The configuration of c-7 was confirmed by decarboxyla-
tion to the corresponding endo-esters and interrelation by hydrogena-
tion of the 7-endo-carbomethoxy norcar-3-ene. 
B.P. M.P. % yield 
MeOOC ()f 76-78°C 39.5- 97% COOtBu /O.Olmm 40.5°C 
MeOOC 
Cf 76-78° 94% COOtBu /.005mm 
MeOOC 
ct COOH 112-114°C 96% 
MeOOC 




ane: A solution of 21.2 
g (0.1 mole) of 7-7-dicarbomethoxy norcarane and 11.2 g
 (0.1 mole) of 
potassium t-butoxide in 400 ml of dry t-buty
l alcohol was warmed to 
0 
about 40 C under nitrogen. After 12 hours, 
the solvent was removed 
using a Buchi rotovaporator with a calcium c
hloride drying tube in the 
aspirator line and replaced with fresh t-buty
l alcohol. To this solu-
tion was added 15 g of 4A molecular sieves an
d the mixture allowed to 
stand, without stirring, for an additional 24
 hours. The mixture was 
filtered, 200 ml of water added and the solut
ion neutralized with di-
lute HCl. After removal of the t-butyl alcoh
ol, the organic layer 
was separated and the aqueous layer extracted
 three times with ether. 
The combined organics were washed with water
, sat. NaCl solution then 
dried over anhydrous sodium sulfate. After 
removal of the ether, the 
oil was distilled to give 24.6 g (97%) of the colorless
 mixed ester. 
The product can be crystallized from methano
l. The reaction can be 
worked up after the initial 12 hours since th
e mixed ester is easily 
separated from the dimethyl ester by vacuum 
distillation. 
7-exo-carboxy-7-endo-carbomethoxy norcarane: 
A solution of 2.54 g 
(0.01 mole) of the above mixed ester and 5 mg anhydrous
 p-toluene-
2 
sulfonic acid in 15 ml of dry toluene was he
ated at reflux. A gas 
was evolved which rapidly decolorized Br2/cc14 
(isobutylene). Reflux 
was continued until no more gas was generate
d, about 3 hours. The solu-
tion was cooled, and the volumn of solvent re
duced to about 5 ml. On 
further cooling, crystals formed. After filt
ering and drying, 1.90 g 
(97%) of the acid was collected. The melting point wa




1) H. Musso, Chern. Ber., 101, 3710 (1968). 
2) G. S. Fonken & W. S. Johnson, J. Amer. Chern. Soc., 74, 831 (1952). 
3) This work was supported in part by NSF Grants GP-3768 and GY-3514. 
178 
Tetrahedron Letters, 3799(1971). 
179 
Tetrahedron Letters No. 41, pp 3799 - 3802, 1971. PergiOIIIOD Frees. Printed in Great Britain. 
SOME OBSERVATIONS OF THE EFFICACY OF SOLUBLE COPPBR(l) CATALYSTS FOR DECOMPOSING DIAZO COM
POUNDS 
B. W. Peace and D. s. Wulfman 
Department of Chemistry, University of Missouri - Rolla, Rolla, Missouri 
65401 
(Received in USA 22 July 1971; received in UK fer publication 7 September 1971) 
Moser1 has described studies employing soluble copper(!) catalysts for the decomposition o
f 
diazoacetic ester in the presence of olefine and Dave and Warnhoff
2 have given additional details 
including directions for purification of the catalysts. 
There are however several important points of immediate synthetic utility
 which are not 
covered in the literature. We have observed the behavior of these cataly
sts systems with 
diazomalonic esters3 which extrapolates to diazoacetic eater and probably
 to most, if not all, 
diazo compounds. 
Concentration and Precautions: Moser employed relatively large amounts o
f catalyst, degassed 
his systems and used perioxide free olefine. These precautions, although
 desirable for mechanistic 
studies, are both unnecessary and undesirable for mechanical and cheaical
 reasons during synthetic 
studies. Thus, the addition of small amounts of radical initiators such 
as benzoyl peroxide 
@4 
(preferably) or azo-bia-isobutyronitrile (Vazo ) to carefully purified olefine leads to c
leaner 
reactions and higher yields. It also permits using as little as 0.14 ~~l
e of catalyst to 
decompose 20 mmole of diazo compound whereas Moser had to employ 5.0 mmol
e. We have determined 
that the carbenoid process is not radical initiated but rather involves a
 change of catalyat. 5 
Commercial cyclohexene freshly distilled from sodium contains sufficient 
impurities to promote 
6 
increased catalyst activity whereas filtration through fresh activated al
umina necessitates 
employing larger quantities of catalyst. 
The yields from such reactions are very dependent upon the catalyst conc
entration, Chart 1 
being typical. This is also true of diazoacetic ester (Table 1). A wide range of isomer
 ratios 
is obtained by adjusting catalyst concentrations. 7 
Purification of catalysts: The purification of the catalysts is occasio
nally desirable. 
However, if halogenated solvents are employed in recrystallization eithe












0.65 12.0 0.088 
1.16 2.51 0.218 
7.87 11.5 0.100 0.012 
0.985 1.02 0.077 0.079 
.05 15.1 0.067 0.008 0.111 
0.333 0.400 IIOIE NONE 
CIWlT 1 
EFFECT aF AMOUNT aF TAIMETHYL PHOSPHITE -COPPER( I )OU)AIDE UPON 
PRODUCT YIELDS WITH CYCLOHEXENE AS SUETRAT£ 
CCHaO.C,.c•ccco1cHJ. ------
0 CHCCOOQ\le •••••••• 
():>cCOOCH•)• -
- --· --------------·-
----· - -.. MAXIMJM POSSIBLE YIELD IS 11.7 FOR 








... 0 •••••••••• 
•• 




The data ~n Chart 1 and Tablea 1 and 2 vaa obtained in the following way. A aolution of 0.02 mole 
of diazo ca.pound ~n 25 al of cyc1ohexane (diatilled froa and atored over aodiua) vaa added to 25 
ml of refluxing olef~n containing the catalyet. The yielda were deterained by v.p.c. and are 
relative to an internal atandard. Diazo ca.pounda were carefully diatilled to 98.5-99% purity. 
Trace& of ch1oroacetlc eater aay interact vltb the catalyata but clearly different effective 
catalyate are prueat iD the 3 ca ... of Table 1. 
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co-solvents, appreciable destruction of the catalyst can occur. This involves reaction between 
the phosphite and the halogenated solvent and leads to precipitation of soae of the copper{I) 
8 
salt. Catalysts resulting from this t7Pe of treat .. nt contain varying a.ounta of uncoaplexed 
salt and are less effective than pure .. terial (Table 2),9 
Table 2 
Product Dietribution in the Beaction of Cyclohexene with Dt.ethyl Diaaa.alonate 
CATALYST (J>ccooca3>2 (CB300C)2c-C(COOCR3)2 6~'' 0.14 -le 
ACTUAL RELATIVE ACTUAL ULATIVE ACTUAL ULATIVE 
I (CB3o) 3P•Cui 8.57 1.00 0.930 0.108 0.697 0.081 
II (CB3o) 3P 3·Cui 7.67 1.00 1.55 0.202 0.767 0.100 
III cca2o) 3P ·cui 7.40 1.00 0.906 0.122 0.760 0.103 
IV (CB3o) 3P•CuCl 7.45 1.00 1.07 0.144 0.547 0.070 
v IV plus 30 mg CuCl 3.90 1.00 2.70 0.692 0.276 0.071 
VI IV plua 30 .. CuC12 6.41 1.00 1.45 0.223 0.623 0.097 
The phosphite ligand serves as a solubiliaina substituent for the copper species but baa a 
deleterious contribution to the overall reaction because of phoaphinaaine for.ation. 10 The phos-
phinaaines are readily decoapoaed under the reaction conditions, both theraally and catalyticslly.10 
However, the products resulting froa the decoaposition of the phoaphinazine bear no reseablance 
to the identifiable products of the carbenoid procesaea. 11 
Table 2 shows the presence of phosphite does have a deleterious effect for diazoaalonate and 
the contribution is not linear. Poraal addition of 0.14 ..ole increaenta of phosphite to 0.14 
..ole of the mono coaplex (the bis and tria coaplexea result) causes a decrease in norcarane 
yield of approxi .. tely 0.9 and an additional 0.3 mmolea. The presence of added copper(!) chloride 
would be expected to have a slight beneficial effect resulting froa reducing the concentration of 
phosphite because of low solubility. A more deleterious contribution results from the increased 
c~ anion. The resultant aixture serves as only a fair catalyst for the desirable processes. 
The usa of copper(II) chloride leads to destruction of the phosphite12 and any residual copper(II) 
salt furnishes laasar quantities of aaion13 because the central atoa is more hiahly charaed aDd 
14 15 bailee leas prona to ionintion. ' 
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The Effect of Peroxides on the Reactions of Dimethoxycarbo
nylcarbene 
Generated with Soluble Catalysts from Dimethyl Diazomalon
atc 
By B. W. PE!.cE and D. S. "'t.a.:nt.-\~· 
(DeparlmClll of Clremislry, U1rhocrsity of Jlissouri- Rolla, Rolla, Missouri 65401) 
Swmna1y The presence of alkenyl or aryl radicals con 
verts trimethyl phosphite copper(!) iodide into an · 
extremely potent soluble catalyst capable of decom-
posing diazo-esters cleanly into the corresponding 
carbenoid species. 
FoR the past several years we ha,·e been examining the 
copper- and copper salt-catalysed decomposition of di-
methyl diazomalonate in the presence of some cyclic 
olefins.1 The report by l\Ioser' that soluble catalysts of 
the type trialkyl phosphite copper(I) halide are excellent 
catalysts for decomposing diazoacetic ester led us to 
extend his studies to dimethyl and di-t-butyl diazo-
malonates. These studies revealed that under optimum 
conditions soluble catalysts lead to nearly doubled yields 
(compared to heterogeneous catalysts}, there is a depen-
dence upon catalyst concentration,3 and that the nature 
of the counterion influences the overall yields and product 
distributions.' When this is coupled with the effect of 
added counterion, it becomes clear that the rate-deter-
mining step involves displacement of the anionic ligand 
by diazo-compound.' 
Although individual batches of olefin behave in a con-
sistent manner, there were large variations in product 
distributions and yields depending upon which batch of 
olefin was employed and how it was purified and stored. 
In addition, we found that we obtained better results than 
l\Ioser using his system but operating at lower catalyst 
concentrations. Surprisingly, ~loser's catalyst concentra-
tion led to very poor results. There was, however, one 
major difference between the two studies. We did not 
filter our olefin through aluminat immedatcly prior to 
undertaking a reaction as Moser had. \\'hen such pre-
cautions were undertaken for our system the results were 
worse than if no catalyst had been employed. We con-
cluded that peroxy impurities in the olefin greatly enhance 
tIt has been reported that alumina filtration removes peroxy impurities from hydr
ocarbons. See Waters Associates Inc .• Applica-
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TABLE 
Producl distribution and yields in the reaction of cyclohexene a11d dimethyl dia:omalonale as a function of catalyst and pe7o~irh content 
of th' olefi• 
%Yield 
(CH10)1P·CuZ 
0·14mmole (I) (lleO.C)2C : C(C01lle)1 (II) Ratios 
z =Bra .. 68·7 15-1 6·66 1-00: 0·219: 0·097 I• .. 7-l•3 12·9 7-43 1-00: 0·17-l: 0·100 Be• .. 22·0 1·88 2·08 1·00: 0·085: 0·095 l'b .. 19·9 2·02 1·79 1·00:0·101 :0·090 Bre .. . 71-6 22·9 5·72 1·00: 0·320: 0·080 . I• .. 78·8 15·0 5·92 1·00:0·191 :0·075 No Catalyste .. 9-45 1·82 0·00 1:00:0·192 
a Commercial cyclohexene. 
b Commercial cyclohexene filtered through alumina. 
e Commercial cyclohexene filtered through alumina, then 0·07 mmole benzoyl peroxide added. All reactions were run as follows: A solution of 0·02 mole of dimethyl diazomalonate in 0·25 mole of cyclohexene was added at the rate o£ 6 drops per min to 0·25 mole of reduxing olefin containing the catalyst or catalyst plus peroxide. After 2-l b•at reftux, the excess of olefin was removed by distillation, and the residue analysed by g.l.c. using diglyme as an internal standard. 
catalyst activity. This is nicely supported by comparable 







peroxide (see Table) or Vazo.! Equally surprising is the 
fact that if the catalyst is treated with lx·nzoyl peroxide 
in benzene prior to the addition of olefin or diazo-compound 
a catalyst far superior to any previously observed is 
obtained. It therefore seems extremely unlikely that the 
catalytic decomposition of diazo-compound is proceeding 
in a radical manner initiated by peroxides and that triplet 
carbcnoid is therefore not an artifact. TI1e inescapable 
conclusion is that the hy<lrocarbon an<l/or bcnLoyl radicals 
react with the catalyst to generate new catalysts which 
are supl•rior to the material added. We are currently 
im·estigating the structure of the acti\"c catalyst species. 
This work was supported in part by :\SF Grants. 
(Recd!·tJ, July 21st, 1971; Com. 1265.) 
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Homogeneous Copper(1) Catalysed Decomposition of Dimethyl Diazomalonate. 
The Role of the Counter Ion in Determining the Effective Spin l\lultiplicity 
By D. S. \\'uLFliAN, • B. \\'. PEACE, and E. K. STEFFE~ 
(Department of Chemistry, 'L'ui<·rrsity of Jlissouri-Rolla, Rolltt, Jtissouri 65401) 
Swumary The reactions of olcfin--<limethyl diazomalonate-
trialkyl phosphite~oppcr(I) halide (catalyst) systems 
proceed 1:ia displacement of halide from the soluble 
catalyst, and this step appears to be rate determining; 
the leaving group ability of the anion influences the 
effective spin multiplicity distribution of the carbenoid 
species. 
WE report a direct correlation between the effective spin 
multiplicity of a carbenoid reagent and the leaving group 
ability of the counter ion when the soluble catalyst sp;tems, 
copper(!) salt-trialkyl phosphites,1•1 are 11sed to decompose 
dimethyl diazomalonate. \\'e have also found that the 
addition of common anions drastically depresses the yields 
of all identifiable products. 
\\'e have obsern.'<l the uncommon phenomenon of C-H 
insertion at the most substituted allylic position with 
concomitant rearrangements when copper catalysts were 
employed,' indicating that such systems proceed in part 
via triplet-like carbcnoid species (Table 1). t The formation 
TABLE 1· 
1:./fecl of method of carbene generation on producJ distribution with 1-metllylcyclollezene as s11bstrall 
(lll) (IV) (V) (VI) (VII) 
Actual Relative Actual Relative Actual Relative Actual 
Relative Actual Relative 
Cu .. .. 22·9 1-()0 1·23 0·05-& 18·5 0.810 H3
 0·180 5·&& 0.12! 
CuCl .. .. 19·1 1·00 1-45 0·076 17-5 0·91
5 3·76 0·197 4-83 0.126 
cuso. .. 24-8 1·00 2-49 0·100 24·0 
0·965 6.07 Q-244 1·36 0.146 
(Me0)1P-CuCI •• 29·6 1·00 2·30 0·077 26·0 0·878 10.7 
0·360 5-16 i>·088 
t The uata in Tables 1--3 were obtained as follows: a solution of 0·02 mol of dimethyl diazomalonate in 0·25
 mol of olefin was added 
at the rate of 6 drops per min to 0·25 mol of olefin under reflux containing the catalyst. A
fter 2-t hat reflux, the e:occess of olefin was 




of allylic hydrogen insertion products together with re-
arrangement products clearly establishes the presence of 
either a. radical or zwitterionic process. The ,·ariation with 
co•mter ion establishes a competition between the apparent 
triplet process and singlet process. 
be hesitant to accept the presence of appreciable amounts 
of ionized material in the reaction mixture and would be 
looking for an alternate explanation t'xcept that the added 
salts were nearly completely soluble in the sy:>tems 
(Table 3). 
TABLE 2 
Effect of corm/7 ion upo11 the prodrtcl distributio11 wil/1 cyclolstxetu as StllJstrale 
0·14 mmol 
(:\le0)1P-CuZ (I) (VJI) 
Actual Relative Actual Relath·e 
Z = BF1• • • 59·3 1·00 10·1 0·08-& 
I . . . • 73·4 1·00 17·9 0·122 
Br . . . . 68·5 1·00 21-J 0·152 
Cl . . . . 63·7 1·00 1H 0·144 
SCN . . • • 28·2 1·00 18·3 0-632 
CN . . . . U·3 1·00 11·2 0-613 
• Concentration lc~s than 0·14 due to dccompo,;ition during transfer. 
TABLE 3. 
Effeu of a.:ldi!ivts upon prod11ct dislril1111iou tt:lt/; cycololtexe;u 1U su!Jurtlle 
(ll (VII) 
Catalyst Additive Actual Relati\·c Actual Hclath·e 
(McOJ.P-Cur None 73-40 1·00 17-90 0·12!! 
(;\le0)1 P-C ul }h·4'SI 3-40 1·00 0·00 
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Ill m1 (ill) 
CHX 2 CHX 2 (iM• CRM. CfMe CHX2 
tNl (Vl (ill 
X2C=CX2 X=C02Me 
!VII) 
A direct correlation exists between the extent of allylic 
C-H inst?rtion and the leaving group ability of the counter 
ion (Table 2) as dcfmed in nucleophilic substitution reac-
tions at saturated carbon. It is of interest that the addition 
of one equivalent of tetramethylammonium iodide to the 
trimcthyl phosphite-<oppcr(I) iodide system almost com-
pletely suppressed the formation of norcarane and insertion 
products whereas tetramethylammonium fluoroboratc had 
no appreciable effect. Similar effects were observable with 
the chloride. These data suggest that displacement of the 
counter ion by diazo-compound takes place in the rate-
determining step or in a pre-equilibrium step. We would 
Xonc of thc3c result'> require,; im·uking a complex 
involving okfin, cat:~lyst, and diazo-compound or carbcne 
as suggc>tcd by :\lo,;er.: Such complexe~ do seem likely on 
the ba~is of pn·cedents. The relati,·e reactivities of increas-
ingly subs tit utcd olefm,; parallels the stability of copper( I) 
halide substituted anylic acid complexes.' In direct contrast 
with the photogcneratcd dimcthoxycarbonyl-cari.Jcne,• the 
copper catalysed species exhihit~arc,luce(l rcacti,·itytowards 
incn·asingly substituteJ C-C double bonds. Thus the relative 
reactivities of the series, cyclohexcne, 1-mcthylcyc1c· 
hexene, and 1,2-dimcthykyclohcxene arc 5: l: < < 0·01. 
The olefms arc clearly participating in the solubilization of 
the catalyst aggregates and are at least part of an outer 
co-ordination sphere. The results clearly reveal that the 
potential carbcne is intimately associated with the catalyst 
and that the anion has a strong influence upon the spin 
multiplicity of the resulting carbenoid species. 
The existing data can best be explained by a scheme 
im·olving attack of the diazo-compound upon the complex, 
displacement of the associated anion, loss of nitrogen from 
the resulting diazonium ion, displacement of the electronic-
ally deficient carbene by the anion, and subsequent addition 
to olefinic substrate. An alternate explanation may 
involve the degree of metal-metal orbital overlap in the 
catalyst aggregates: influencing the multiplicity. 
We acknowledge partial support of this work by the 
National Science Foundation in the form of equipment 
grants and an Undergraduate Summer Research Fellowship 
to E.K.S. 
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